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The mission of t h i s  handbook i s  t o  serve as a guide t o  engi- 
neers  engaged i n  s o i l  conservat ion work i n  t h e  s t a t e  o f  West Virginia. 
I n  preparing t h e  handbook, methods o f  e ros ion  con t ro l  developed by other  
agencies cu r ren t ly  engaged i n  s i m i l a r  a c t i v i t i e s ,  and be l ieved  appl icable  
t o  the problems encountered have been l i b e r a l l y  drawn from. 

A s ince re  e f f o r t  has been made t o  acquain t  t h e  reader  w i t h  t h e  
more genera l  aspec ts  o f  e ros ion  con t ro l  from an engineering s tandpoint  
and t o  b r i n g  t o  mind t h e  t e c h n i c a l  spec i f ioa t ions  of t h e  many s t r u c t u r e s  
developed t o  a i d  i n  conserving cur s o i l s .  
wi th  r e spec t  t o  dams and s i m i l a r  con t ro l  s t r u c t u r e s  t h a t  t h e s e  a r e  t o  be 
regarded only as temporary a i d s  i n  a process that has f o r  i t s  u l t ima te  goal 
s o i l  conservat ion through revegetat ion.  
way towards permanent cont ro l .  

It should be c l e a r l y  understood 

Vegetat ive recovery m u s t  mark t h e  

The present  dea r th  of fundamental knowledge -with r e spec t  t o  proper 
and complete methods of e ros ion  con t ro l  i s  keenly f e l t .  
t h i s  handbook i n  many ins tances  merely in t ima tes  a poss ib l e  so lu t ion .  
i s  s t i l l  a v a s t  amount of pioneering t o  be done before  we can hope t o  l ay  
down r u l e s  acclaiming p o s i t i v e  control .  
improve as we bui ld .  
mat ter  of t h i s  pub l i ca t ion  w i l l  be welcomed. 
be antedated as experience e i t h e r  proves o r  disproves present  p rac t i ce .  

It i s  r e a l i z e d  that 
There 

Until such a time we can b u t  t r y  t o  

Xhoh tha t  i s  found  h e r e i n  w i l l  
Cr i t ic i sms  and suggested improvements t o  t h e  sub jec t  

The w r i t e r  t akes  p leasure  i n  g iv ing  r ecogn i t ion  t o  Mr. Harold C. 
Hebb, Chief Fores t e r ;  Mr. Boyd D. G i lbe r t ,  Chief S o i l s  Expert; Mr. Ivan 
McKeever, Chief Agronomist; Kr. Lowell A. Yost, Assistant Agr i cu l tu ra l  
Engineer; and ifr. James H. L i l l a r d ,  Junior  S o i l s  Expert  nnd Acting ds- 
sistant Agr i cu l tu ra l  Engineer. These gentlemen have cont r ibu ted  t h e i r  
time and a b i l i t y  t o  make t h i s  handbook poss ib le .  
engineers  f r o m  t h e  E.C.W. Camps assigned t o  t h e  Spencer pro jec t .  They 
gave he lpfu l  a s s i s t ance  covering s p e c i f i c a t i o n s  f o r  e ros ion  c o n t r o l  s t ruc -  
t u r e s .  
s p e c i f i c a t i o n s  i n t o  f i n a l  form. The drawings f o r  t h i s  handbook were 
cont r ibu ted  by iir. Harold S. Ronning, Chief Draftsman of t h e  Spencer 
p r o j e c t  . 

Credi t  i s  also due t h e  

Mi-. Harold N .  modes ,  Engineer f o r  Camp SCS-XTA-1 assembled t h e s e  

Hans G. Jepson, 
Assistant Agr iou l tu ra l  Engineer, 
Acting Chief Engineer. 

Spencer, iiicst V i rg in i a  
Apr i l ,  1935 
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CHAPTER I 

TOPOGFAPHY OF THE SPENCER PROJECT 

The 152,000 acre  Reedy Creek s o i l  e ros ion  con t ro l  p ro j ec t  lo -  
cated i n  midwestern West Vi rg in ia  comprises large por t ions  of Roane and 
Wirt count ies  and a sinall p a r t  of Wood County. The a rea  i s  dra ined  by  
Reedy Creek, Spring Creek, and Tucker Creek. A l l  t h r e e  creeks empty i n t o  
the  L i t t l e  Xanawha River, which forms the  nor th-eas te rn  boundary o f  t he  
area.  Reedy Creek - t he  largest of t he  t h r e e  streams - measures 32 miles  
including i t s  meanders. 
watershed drained i s  approximately 84,000 ac res ,  
s i z e ,  i s  a l s o  32 mi les  i n  length as measured by i t s  meanders. 
i t s  r a t e  of f a l l  i s  even g r e a t e r  t h a n  Reedy Creek, being 4.1 f e e t  t o  t h e  
mile. It might be of i n t e r e s t  
t o  note that both Reedy Creek and Spring Creek have s u f f i c i e n t  fall t o  in -  
d i ca t e  that t h e i r  channels are  s t i l l  c u t t i n g  deeper. Tucker Creek - the  
smallest  of the  group - has a length  o f  about  11 miles along i t s  meanders. 
i t s  f a l l  i s  w e l l  over 10 f e e t  pe r  mile.  
acres .  

The r a t e  of f a l l  i s  about 3.7 f e e t  per mile.  The 
Sprin& Creek, next  i n  

!Towever, 

The watershed approxiimtes 57,000 ac res ,  0 

The drainage a r c a  approaches 12,000 

Spencer, Reedy, El izabe th ,  and Pa les t ine  are  the  l a r g e r  towns wi th in  
the  P ro jec t  area.  
headquarters.  

Spencer, t h e  county s e a t  of Roane County, i s  t h e  P ro jec t  

The Reedy Creek a r e a  i s  a p a r t  of t h e  Cmborland Allegheny p la teau ,  
which extends a l l  tho  way ac ross  thr: s t a t e  from the  Appalachian mountains 
t o  the Ohio River. 
and "V" shaped va l loys .  Tho croaks i n  t h i s  arca.ha'Ye-orodod dcop canyon- 
l iko  gorges with s toep  v a l l e y  wa l l s .  
t o  grazing, b u t  shonld no t  be t i l l e d  f o r  g ra in  and s imi l a r  products t h a t  
require  extensive cu l t i va t ion .  
f e r t i l e  s o i l  adapted to blue-grass.  
by c u l t i v a t e d  f i e l d s ,  washing r e s u l t s ,  and t h i s  togother  with f requent  s l i p s  
Sooil impovorishcs tho  land. Much of t h e  land now under c u l t i a t i o n  should 
never have been cleared.  

The land surface i s  rough and broken, w i t h  narrow r idges  

These s t eep  h i l l s i d e s  a re  w e l l  adapted 

The outcrops of dark red sha les  produce a 
U%cn t h i s  cover of g r a s s  i s  replaced 

0 

T h e  climate i s  moderate, w i th  an annual  mean  temperature of  5 i i  de- 
grees  F. 
s p e l l s  of uncomfortably warm woather a r e  infrequent  and cold per iods arc of 
sho r t  duration. Alternate  f r o c z i n g  and thawing occurs i n  winter .  Tho e ro -  
sion r e s u l t i n g  f r o m  such f r o s t  ac t ion  i s  very excessive.  

The warmost month i s  July,  and the  co ldos t  i s  January. Pro t rac ted  

Average p r o c i p i t a t i o n  f o r  t h e  a rea  i s  approximatoly 43 inches,  with 
SnoWz.11 occgrS. in  

Elevat ion v a r i e s  from 640 f e e t  above mean 

the h ighes t  average i n  Ju ly  and t h o  1wC:sC i k -B&c&i i r .  
win ter  b u t  t h e  snow does  n o t  remain on tho  ground f o r  any length of t ime, 
due t o  f requont  thawinb periods.  
sea l e v e l  where the  L i t t l e  &nawha River leaves t h e  a rcn  to approximately 
1200 f e e t  a t  t he  higher  points. 0 
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CFAFTER I1 

ORGRNIZXi'IOE.1 AND PROCEDURE ON THZ SPENCER PROJECT 

Thc c re s ion  cont ro l  work o f t h i s  p ro jec t  cons i s t s  of a complete 
land u t i l i z a t i o n  program designed t o  meet t h o  nccds and rcquircments o f  
each ind iv idua l  farm i n  t h e  p ro jec t  arm. 
ping, crop ro t a t ion ,  stream cont ro l ,  gu l ly  con t ro l ,  r c f o r c s t a t i o n ,  pas ture  
mmcgemcnt, g rass  seeding, and other  methods w i l l  bc uscd t o  mcct t h e  
p a r t i c u l a r  problem of each ind iv idua l  coepcrating farm. 

S t r i p  cropping, contour s t r i p -  

The work program i s  ca r r i cd  out  j o i n t l y  by t h e  fol lowing t e c h n i c a l  
d iv i s ions :  
Forcs t ry  Divis ion and Engineering Division. 
f o r  carrying out t h e  d c t u i l s  of t h e  p r o g r m  f m  t h c i r  p a r t i c u l a r  d iv i s ion .  
Another d iv i s ion  - Opcration and Maintenancc - i s  respons ib le  f o r  keeping 
311 equipment i n  good condi t ion and f o r  t h e  de l ive ry  of a l l  mater ia l s .  An 
Extension Divis ion t a k e s  care  of general  p u b l i c i t y  and disseminat ion of 
information. 

S o i l s  Division, Erosior. S p e c i a l i s t  Division, Agronomy Division, 
Divis ion chi6gs a r e  respens ib lc  

0 

The Regional Di rec tor  adminis ters  and d i r e c t s  t h c  e n t i r e  s o i l  
e ros ion  program f o r  t h e  p r o j c c t w h i l e  t h e  Divis ion Chiefs a r e  respons ib le  
f o r  carrying out  t h e  d o t a i l s  of t h c  program f o r  t h c i r  p a r t i c u l a r  division. 

The gcncral  d u t i e s  of t h c  t e c h n i c a l  d i v i s i o n s  a r e  out l ined  below: 

SOILS DIVISION 

The s o i l s  m r k  of t h i s  p r o j e c t  c o n s i s t s  of c l a s s i fy ing ,  designat ing 
and mapping s o i l s  and s o i l  c ros ion  condi t ions  on t h e  farms within t h e  a r e a  
of t ho  pro jec t .  l'lhcn such i s  requi rcd  a genoralized s t a t e  s o i l s  survey i s  

h axso made. 

EROSION SPECIALIST DIVISION 

The Erosion S p e c i a l i s t  Divis ion i s  responsible  f o r  working cu t  t h e  

The land  u t i l i z a t i e n  program inc ludes  
land u t i l i z a t i o n  program for  a l l  fams i n  t h e  a r e a  t h a t  w i s h  t o  ccepcrate  
v i t h  t h e  S o i l  Conservation Scrvioe.  
agronomy, f o r e s t r y ,  and engineering. HerJ-evcr, each separa te  phase of t h o  
program rcce ives  t h c  approvnl of t h e  d iv i s ion  chief  i n  quest ion.  

Af tc r  t h e  l a d  u t i l i z a t i o n  program has  been reviewed and approved 
by t h e  t e c h n i c a l  d i v i s i o n s  it i s  incorporated in t h c  Cooperative ilgrecment 
m?de betwoen t h e  govcrnmcnt and t h c  farmer. 

AGRONOMY DIVISION 

The agronomic work c o n s i s t s  of developing crop r o t a t i o n s  cnd s t r i p  
cropping plans which w i l l  t e n d  t o  con t ro l  e ros ion  and b u i l d  up t h c  s o i l  and 
of out l in ing  methods t o  be used i n  c o n t r o l l i n g  var ious forms of e ros ion  on  
the different kinds of  so i l s .  The Agronomy Divis ion  i s  respons ib le  f o r  t h e  
procurcment and u t i l i z a t i o n  of lime, f c r t i l i z c r ,  and a g r i c u l t u r a l  seeds used 

0 

I -  D__ _.. 
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on t h c  pro jec t .  Tho d iv i s ion  a l s o  has charge of photographic lTor4. 

FORESTRY DIVISION 

Forcs t ry  work en t h i s  p ro jec t  cons i s t s  of t h e  p l an t ing  of s u i t a b l e  
and dcs i r ab lc  spec ies  of t r o e s  and shrubbery on s u i t a b l e  areas and tho  
p ro tcc t ion  and proper c u l t i m t i o n  of areas a l r eady  i n  f o r o s t  o r  somi-forest 
condi t ion.  
f o r c s t  management, sced production and f o r e s t  nurscry cu l t i va t ion .  

S tudics  arc ca r r lod  out i n  f o r e s t  research,  proper cornuni ty  

Tho Divis ion i s  also responsible  f o r  woodlot managemont, g m ~  
conservation m d  thc  c o l l e c t i o n  of meteorological data.  

Xeforostat ion of s u i t a b l e  a rcas  i s  n vital  p a r t  of e ros ion  con t ro l  
on t h i s  pro jec t .  

EWGINEERING D I V I S I O N  

The d i r e c t  r c l a t i o n s h i p  of engincer ing work t o  s o i l  e ros ion  con t ro l  
on t h i s  pro joc t  cons i s t s  mainly i n  t h e  cons t ruc t ion  of  gu l ly  oonkrol s t ruc -  
t u r e s  such as rock, brush, log,  s take,  wirc, sod, stopper,  and bag dams; 
rock and brush ovcr fa l l s ;  brush o r  stram v a t t i n g  and s t r i p p i n g ;  d ivc r s ion  
d i t ches  and o u t l e t s ;  r e t a i n i n g  vml ls ;  t c r r a c c s  and t e r r a c o  o u t l c t s ;  rc- 
vctments, lcveos,  j e t t i e s  and vdng dams; bank pro tcc t ion ;  concrete,  masonry, 
ard c a r t h  dams where more pcrmancnt s t r u c t u r e s  a r c  desircd.  
stream con t ro l  a r e  imdcrtaken t o  a l imi t ed  cx tcn t  on t h i s  pro jec t .  

Tho Engizieering Divis ion i s  rcspons ib le  f o r  t h e  design, ocn- 

Torracing and 

s t r u c t i o n ,  and m i i i t c m n c e  of roads,  b r idges  and bu i ld ings  nccded on tho 
pro.jcct. Expcrimontal s tud ie s  dca l inz  mtth runoff ,  s i l t  gaging and stream 
gaging arc c a r r i e d  out. The fencing, p l an t ing  and sceding of eroded areas 
adjacent  t o  o r  surrounding con t ro l  s t r u c t u r e s  comes under t h e  j u r i s d i c t i o n  
of t h e  Enginccring Division. 
designing and h y i n g  o u t  rater r e s e r v o i r s ,  in land  rec la -mt ion  through 
drainage, i n  t h e  improvemcnt o f  spr ings,  and i n  loca t ion  of farm roads t o  
minimizc erosion. 
t h e  cngincers. 

0 
Assistcmcc i s  givcn t o  t h o  cooperators  i n  

A l l  contour s t r i p p i n g  and furrmring i s  staked cu t  by. 

The Engineering Div is ion  i s  furt'ncr charged with a l l  d r a f t i n g  and 
mapping work requi red  wi th  t h e  exccpt ion of t h e  mpp ing  c a r r i e d  cn by t h o  
S o i l s  Division. 

Tho accompanying char t ,  page 9, ?-Sill i n d i c a t e  more graphica l ly  tho  
sct-up of t h e  S.C.S. organizat ion.  

0 
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CIjATTEB I11 

R E I N I G N  OF T H 3  SOIL CONSERVATION SEXVICE TO THE EmT. 

The Soi l  Conservation Service i s  responsible f o r  developing methods 
of  erosion control and effect ively demonstrating t h e i r  uses. 
t h a t  a11 available data and the ideas of t ra ined experts must be coordinated 
in to  the bes t  possible plan of land use. 
effect  i n  cooperation with the land owners. 

This means 

The plan must then  be put i n t o  

The establishment of an effect ive erosion control program of aw 
size involves a tremendous amount of labor. 
problems t h a t  had t o  be solved immediately a f t e r  organizing the  several 
control projects established. 
t o  a s s i s t  i n  solving t h i s  problem. The EGI' organization and labor have 
made possible the  construction of check dams, diversion ditches and 
terraces, the correction of stream channels, reforestation, timber stand 
improvement, and the  production of agr icu l tura l  lime on a soale t h a t  would 
have otherwise been impossible. The establishment of the fo res t  nursery 
a t  Reedy w i l l  make possible the production of fore lanting stock on a 
large scale  f o r  future reforestation. Truly the  a g a n i z a t i o n  has i n  
i t s  relationship with the  Soi l  Conservation Service, put i n t o  effect the  
aims, ideals, and p u r p o s e s m o u n d e r s  which are: 

This was one of the  important 

Fortunately, the ECW organization was able 

"The building of men and the restorat ion of confidenoe." 
"Help t o  protect ,  develop, and perpetuate existing forests." 
"Help t o  prevent S o i l  Erosion." 
"Belp t o  es tab l i sh  new and re-establish o l d  forests." 

ECW a c t i v i t i e s  i n  West Virginia are directed by a State  Co- 
ordinator who i n  turn  i s  responsible t o  the Regional Emf office.  
region comprises several s ta tes .  
Ccnservation Service are u t i l i zed  by it i n  the  control program. 
work program i s  formulated by SCS technicians and through the state co- 
ordinator i s  turned over t o  the  camp superintendent who i s  responsible 
f o r  i t s  completion. 
t o  i t s  regulations while there.  

The 
The Emf aamps assigned t o  t he  So i l  

The 

A11 techniaal SCS men attached t o  a camp are subject 

I n  answer t o  a question frequently asked as t o  what connection the  

The E M  personnel takes charge of the  
Discipline of the  men while a t  camp is,  of course, 

A m y  has with the Emf organization it may b r i e f l y  be s ta ted  t h a t  the Army 
clothes, feeds, and houses the men. 
men during work hours. 
the responsibi l i ty  of the  Army. 

Q 

An organization chart  (char t  2, page 11) is included t o  indicate 
channels of authority. 
program t h a t  routed procedure be followed a t  a l l  times. 

It i s  imperative t o  the  success of the entire 



-11- Chart 2 

O R G A N  I ZAT I ON CH A R T  

v TOIL CONSEL2VATION SERVICE 
ERAERGENCY CONSERVATION WORK CAlUP-5 

WEST V I R G I N I A  

RE61GNAL DIRECTOR 
COMMITTEE E.C.W 

I 

ACC'TING SENIOR FISCAL. C L E R K  H - 1  SUPERVI~IMG _ _ _  
I 



S O I L  CONSERVATION S E X V I C E  

UIJITED STATES DEPARTWdXT OF BGRIC'U'LTURE 

PROJECT #13 SPENCER,  WEST V I R G I X I A  

0 
P X X T  T T f O  

SOIL CONSIDEXrlTION 11: ENGIXEERING 



0 
-13- 

CHAPTER I V  

SOILS AND T O P O G W  I N  TKEIR RELATION TO EROSION 

The outer portion of the ear th  i s  covered with a th in ,  disintegrated 
layer h o ~ m  a s  s o i l  which has been formed by deoomposition brought about 
through the action of climatic forces. It i s  the medium with which we must 
deal i n  a l l  o f  our erosion control practices and therefore warrants careful 
consideration and intense study. S o i l s  having similar climatic, geologic, 
and prof i le  developments consti tute a division known a s  s o i l  ser ies .  The 
subdivision of the ser ies  on the basis of the  texture of the surface layer 
gives the final division called a s o i l  type. Eiiany of t he  s o i l  se r ies  are  
character is t ic  of def in i te  geological positions which i s  not t rue  f o r  the 
different s o i l  types. Each s o i l  ser ies  offers i t s  own complex problems i n  
erosion control. A great number of se r ies  may be closely related i n  t h e i r  
resistance o r  suscept ibi l i ty  t o  e r o s i m  but  upon careful  examination indi- 
vidual character is t ics  can be determined which warrant consideration i n  
erosion control programs. These character is t ics  a re  brought about by many 
factors,  chief among which are physical structure,  geologioal position, 
texture,  chemical composition, vegetative covering, and derivation. 

Experience with different  s o i l s  has very def ini te ly  proven that 
texture has an important influence on the development of both sheet and 
gully erosion. 
centage of runoff t o  a figure materially lower than f o r  the heavier textured 
s o i l s  which always have low absorbtive capacities. 
important because the bulk of Nest Virginia s o i l s  are s i l t  o r  s i l t y  clay 
loams and are, therefore, very susceptible t o  severe washing. Another 
very important fac tor  d i rec t ly  affecting the development of erosion i s  
topography. 
the water. When the slope i s  increased f o u r  times the velocity of the 
water i s  approximately doubled and i t s  carrying capacity theoret ical ly  
increased times. Kowever, accordiw t o  the bes t  available data, the 
re la t ion  between slope and erosion does not f o l l o w  any def ini te  dynamic 
law. The mult ipl ic i ty  of ever present variables i n  the so i l s  prevents 
any such relation. 
vegetative oover and the physical Characterist ics of the s o i l  have a 
greater influence on erosion than slope. 
cannot be materially a l te red  by human ef for t s ,  it becomes necessary t o  
concentrate on the development of a desirable vegetative cover wherever 
possible . 

A sandy s o i l  absorbs water rapidly thus reduoing the per- 

This f a c t  i s  very 

The steeper the slope the greater i s  the erosive act ion of  

A t  present it i s  believed t h a t  both the type of 

Since the e f fec t  of  slope 

The inherent structurc and consistency variations within 3 s o i l  
type noticeably nffect  the r a t e  of absorption and runoff. 
of highly weathered s o i l s  do not go in to  solution as  rapidly a s  materials 
of the less  oxidized so i l s .  
s o i l  materials usually react  very different ly  t o  the same erosional 
influences. 
depth of gu l l ies  when designing erosion control methods. Gullies which 
have not developed deep enough t o  reach the F r o n t  material (C-horizon) 

The materials 

The different  horizons of the disintegrated 

For  t h i s  reason careful consideration should be given t o  the 

0 

8 

0 
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usual ly  cu t  through t h e  compact subso i l  l aye r  i n  a V-shape. 
t h i s  s tagc  o f  development t h a t  e ros ion  c o n t r o l  measures can be used most 
o f f e c t i v e l y  f o r  complete r e c l a m t i o n  o r  s t a b i l i z a t i o n .  
s t r u c t u r e  and chemical composition of t h e  s o i l  t o  such a depth i s  usua l ly  
good enough t o  support  vegetat ion and a l s o  t o  secure ly  anchor t h e  necessary 
engineering s t ruc tures .  If t h e  gul ly  has penetrated through t h e  subsoi l  
i n t o  t h e  l ayc r  of paront ma te r i a l  t h e  e ros ion  con t ro l  problem becomes more 
complete. 
p a r t i a l l y  decomposed, ma te r i a l  of t h i s  l aye r  (C-horizon) m s h o s  readi ly .  
The g u l l i e s  grow i n  width, depth and length  very rap id ly ,  wi th  t h e  valuable  
uppcr l aye r s  (A & B horizons)  cont inua l ly  being undermined and caving in.  
This c u t t i n g  away of oaluablo lands c o n s t i t u t e s  a v i ta l  f a c t o r  f o r  con- 
s i d e r a t i o n  and study. 

It i s  i n  

The physical  

The channel i s  usTally developed i n  a U shape. The loose,  

Engineering s t ruc tu res  must be c a r e f u l l y  designed and constructed 
if they a r e  t o  accomplish t h c i r  purpose when sxbjcctcd t o  all t h e  d i f f e r e n t  
e ros ive  r eac t ions  of t h e  o n t i r e  s o i l  p ro f i l e .  I n  most s o i l s  t h e  sur face  
s o i l  o r  A-horizon i s  of a coarsor  t ex tu re ,  i s  less compact, and has a more 
dos i rab le  physical  s t ruc tu re  aild chemical composition than  have t h e  undcr- 
l y ing  layers.. 
which mkcs it necessary t o  determine t h e  mount  and condi t ion  of t h e  
remaining surfacc s o i l  in  studying rate of runoff p r i o r  t o  t h e  des ign  of 
c o n t r o l  moasurcs. Tho sliosoil  (E horizon) i s  f i n e r  t ex tu red ,  more compact, 
and thus  more impervious t h a n  i s  t h c  sur face  s o i l .  Gul l ies  usually develop 
slorrly while cu t t i ng  through t h i s  s t r a t a .  
t h a t  such g u l l i e s  increase i n  depth much f a s t e r  than  i n  width. 

Those condi t ions br ing  about a g rea t e r  absorpt ive capac i ty  

Observation seems t o  ind ica t c  

The subsoi l  l a y e r  va r ios  i n  dcpth from about 2 t o  6 f e e t  dcpending 
upon tho  s o i l  s c r i e s .  
ma te r i a l  which as a l r eady  pointed cu t ,  i s  extremely erosive.  
a n  intormediary condi t ion b c h c c n  unweathered rocks and sha les  and com- 
p l o t c l y  decomposed s o i l  m . t c r i a l .  
composition of such m i t e r i a l  i s  very ‘poor so that l i t t l c  o r  no :plant  growth 
can be supported. Engineering s t r u c t u r c s  must be designed and cons’cructcd 
rri th g rea t  carc  or  t hcy  w i l l  f a i l  through undermining and bank caving. 

IMany of t h e  probloms encountored l i e  almost wholly outs ide t h e  

I m e d i a t e l y  bcncath it i s  t h c  l a y e r  of parent  
It  represonts  

Thc phys ica l  s t r u c t u r e  and chemical 

scope of prescnt  day knowledge. 
on t h e  r e l a t i v e  erosiveness  of t h e  d i f f e r e n t  s o i l  types  and s e r i e s  or  t he  
ind iv idua l  proper t ies  inf luencing the  runoff and absorpt ive q u a l i t i e s  of 
cach. Thcsc f a c t o r s  are nmrbeing s tudied  a t  the  d i f f e r e n t  S o i l  Erosion 
Experiment S ta t ions  under the  d i r e c t i o n  of t he  2. S. Department of Agri- 
cu l tu re ,  Thc s tud ie s ,  hmrcver, a r e  new and necessa r i ly  l imi t ed  t o  small 
expcrimentnl a reas .  Thcy must be supplemented by information securod i n  
t h e  f i e l d .  It appears t h a t  t h c  cnly fair and cqu.itab1c b a s i s  an which t o  
compare t h e  e ros ive  q u a l i t i e s  of t h e  d i f f e r e n t  s o i l  s e r i e s  i s  t o  s e t  up 
s tandard condi t ions of occurrencc and d i s t r i b u t i o n  f o r  enoh s e r i e s  r a t h e r  
than  compare a l l  s c r i e s  t o  a s i n g l c  standsrd.  

Very l i t t l e  exporimcntal d a t a  i s  a v a i l a b l e  

Such a comparison i s  of 
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greater pract ical  value because it recognizes thc  m y  conditions 
peculiar t o  the different  s o i l s .  Fcr example, one ser ies  may be 
less erosive than another because of i t s  inhercnt f o r t i l i t y  and 
a b i l i t y  t o  maintain a desirable physical structure while another 
se r ies  may be less erosive because of tho nature of the parent 
matcrial from which it i s  derived. tln almost unlimitod number of 
factors hzve contributed t h e i r  influcncc t o  the establishment of 
exis t ing f i e l d  conditions of the many different  s o i l s .  
upon us t o  study and isolate  the dominant factors  i n  a ccncorted 
e f fo r t  t o  devisc the best  methods of crosion control and s o i l  conscr- 
vation. 

It evolves 

The engineer must familiarieo himself with the  various soil 
typos and through an understanding of t h e i r  complexities must be 
continually on the a l e r t  t o  pick cut pract ical  methods of control 
whorevor mochmical devices appear necessary. A key t o  the various 
s o i l s  has becn included in  t h i s  discussion with the intention t h a t  
the engineer acquaint himself with it suff ic ient ly  t o  enable him t o  
idontify the mcre common s o i l s .  The key w i l l  bo found under Chapter VI .  
It cannot be emphasized t o o  strongly that  as  time goes on wo are  finding 
mcrc and more that the various s o i l  types v i t a l l y  a f fec t  t he  kind of 
structure t o  be placed as a measure i n  erosion control. Vie aro con- 
t inua l ly  finding t h a t  c r i t i c a l  scouring and scdimcntation ve loc i t ies  
deviate sharply from a mean. 
fore dangcrous. Many years of cxpcrimcntal work a rc  required before 
def ini te  conclusions c m  be gleaned f r o m  the  r e su l t s  of the various 
crosion control methods put in to  practico. 

To make gcneralieod assumptions i s  there- 
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CHliYPER V 

SOIL ENGINEFJUNG 

Thc s o i l s  of Wcst Virginia l i c  almost complotcly within t h c  
Appalachian Mountain Plateau Provinoe. 
arc3 (Shenandoah Valley h e a )  i n  the eastern panhandle which l i e s  i n  
the limostone val ley and upland Province. 
thcse s o i l s  i s  mainly sandstone and shale, with occasional beds o f  
limcstcnc throughout the  State.  Wcst Virginia 's  topography, being 
typ ica l  of  thc  Appalachian region, i s  very rough and broken and only 
i n  a fcw instances do tho ridges broaden out i n t o  a platcau. 
the  m l l c y s  a rc  V-shaped with l i t t l e  or  no bottom land. 

'The only exception i s  a small 

The gcologioal or ig in  of 

Most of 

In the  design and appl icat ion of a comprohcnsivc s o i l  erosion 

Thc soils and slopes found 
control prcgram it i s  impcrative t h a t  consideration and study be devoted 
t o  crosion on diffcront  s o i l s  and slepcs. 
v i t h i n  thc Rcedy Creek erosion control project  represent,  with few 
exceptions, thc prodominating s o i l s  and topography of Wcst Virginia. 
Thc Shenandoah Valley sec t ion  in the  eastern panhandle i s  the  most 
notable exception. In this a r e a  limestone i s  the  geologic o r i g i i  of 
the  s o i l .  

SCS Project #l3 rcprcscnts t h e  f i r s t  ooncertcd e f f o r t  t o  curb 
crosicn on Xest Virginia s o i l s ,  
problems cnccuntcrcd, s t i l l ,  cnough information has been gainod t o  indi-  
catc  a rca1 bcginning in s o i l  erosion investigations.  It i s  bclievod 
advisable t o  present f o r  f u r t h c r  consideration m d  study t h c  various 
fac tors  which have m n i f c s t o d  thcmsclms as erosion control work pro- 
grcsscd o n t h c  d i f fe ront  s o i l s  and slopcs. Thcsc re la t ions  will be 
discussed f rom t h e  vicvpoint of state-vide appl icat ion insofar  as it 
i s  prac t ica l  with t h e  l imi t ed  data available.  

A s  y e t  l i t t l c  i s  known of many of t h c  

One of thc  mos t  important s o i l s  of  tho s t a t c  is  t h c  Mcigs sories.  
It occupics morc than 60% of tho  Projcct area and i s  t h c  predominating 
s o i l  of thc vestern ono-third of tho s t a t c .  
s i t i o n s  of ra thcr  s t c c p  topography but  frequently it i s  found in areas 
less stccp. 
thcy arc found a d e f i n i t e  erosion oontrol problem cxis ts .  
a rc  responsiblc f o r  such conditions, chief among which arc slopc, vcgetativc 
Cover, and physical structure.  Agriculturally,  Meigs s o i l s  a rc  important 
and considerod t o  have medium t o  high f e r t i l i t y .  
the  physical s t ruoturc  has been badly brokon down through leaching of t h c  
Plant nutrients brought about by poor fanning practiccs.  
d i t i on  i s  reached scvcrc gullying dcvclops almost immcdiately bccausc the  
a l t c r n a t c  laycrs  of red and gray shales orodc very rapidly. 
erosion control  methods f o r  Mcigs s o i l s  the  following f a c t s  should bc 
borne i n  mind: 

Typically, it occupics po- 

Mcigs so i l s  a rc  ra ther  susccptiblc t o  erosion and whcrcver 
Sevcral fac tors  

Havrcver, i n  many cases 

Once t h i s  con- 

I n  dewloping 

8 

0 
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1. A dcsirablc physical s t ructure  can be dcwlopcd by proper 
fmming methods. 

2. The layers of red shale i n  t h e  subsoil are  usually calcareous 
and thus a re  conducive t o  sucecssful gully plantings. 

3. Vherc gul l ies  haw: dcvelopcd in to  the C-horieon it i s  necessary 
t o  cxtcnd tho engineering structurcs w e l l  i n to  the  banks d bottom of the 
g ~ i l l y  i n  order t o  prevent fa i lurc .  

Soi ls  of tho Dekalb ser ies  occupy approximtely one-fifth of the 
Rccdy Creek Project Arca and are  widely dis t r ibuted throughout t hc  S t a b .  
Theso so i l s  are  important probably moro because of t h c i r  cxtcnsive d i s t r i -  
bution than bccause of t h c i r  agr icul tural  mlue f o r  they a re  of low 
f c r t i l i t y .  
oxccssivcly steep with vcry rough a d  stony weas promlent. 
the Dekalb ser ies  m r i o s  from s l igh t  t o  complete destruction. 
reasonable care and mmgemeiit the A and B horizons a re  not cxcessivoly 
erosive and with the application of proper farming practices a desirablc 
physicil structure and vegetative cover can be f a i r l y  successfully 
maintained on arcas which a rc  not too severely eroded. 
quickly on arcas which ham suffered scvcre shect erosion probably duc 
t o  tho dccrcasc i n  absorptive capacity through the loss  of loesc surface 
so i l .  Shallow gul l ies  ( i n  A and B hOrieOnS) can usually be eas i ly  and 
successfully controlled, because thc s o i l  t o  such a dcpth is f c r t i l o  
enough t o  support vegetative grasth as well as t o  properly mchor thc  
enginccring structurcs. 

They occupy positions of topography f rom s l igh t ly  ro l l ing  t o  
Erosion on 

Undcr 

Gullies s t a r t  

Dccp gul l ies  ifi Dekalb so i l s  present a complex problcm. 
G-horizon or  p u c n t  na t e r in l  layer i s  compcscd of loose,  d is intcgrsted 
and pa r t i a l ly  decomposed shalcs v i t h  occasional mixturos of sandstones. 
Practically all elements necessary f o r  plant g r w n  a re  lacking. 
t h i s  layer crosion develops vcry rapidly and gul l ies  grow i n  Iddth, 
depth, and lcngth with each rain. 
rnshing thc r e su l t  i s  great loss of valuable s o i l  f romthe uppcr layers 
through bank cmings. 
the following paints should be borne i n  mind: 

The 

In 

Ikon the basc i s  brcadencd by l a t e r a l  

In designing engineering s t ructures  f o r  such s o i l s  

1. 

2. 

Dchlb  s o i l s  have a f a i r l y  1s.r inherent f e r t i l i t y .  

I t  is cxtromely d i f f i c u l t  t o  c s h b l i s h  vcgotation on gul l ies  
oxtending in to  the C-horizon. 

3 .  Bccausc of the poor physical structurc and lack of cohesion 
of the material of thc C-horizon it i s  wry d i f f i c u l t  t o  safcly anchor 
cngineering structurcs. 

Thc Brooke Clay L o w  i s  a limcstone s o i l  of high inhcrcnt 
f e r t i l i t y .  
of t he  irca. 
over the northwstcrn par t  of the  s ta te .  

It occupies positions on ridgc tops i n  thc northrrcstern par t  
It has a l s o  been mapped i n  sm11 areas widely dis t r ibuted 

Thc topography of t h i s  s o i l  
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gcncra l ly  i s  not  cxccssivcly s teep.  
cxtends far  down t h c  h i l l s i d e s .  I n  most casos it has bcen subjcctcd t o  
f a i r l y  good fsrming p rac t i ces  and t h u s  has bee:? a b l c  t o  maintain i t s  
high f c r t i l i t y  r.nd dos i rab lc  physical  s t ruc tu re .  Conscqucntly, i n  most 
w c a s  c ros ion  hns not  dcvclopcd t o  such dcvastat ing s tages .  Occasional 
g u l l i o s  have dcvclopcd i n  scc t ions ,  gcncral ly  as a r o s u l t  o f  over 
cu l t i va t ion .  I n  such c a m s  enginccring s t ruc tu rcs  c m  bc  vcry succcss- 
f u l l y  uscd i n  coopcratian w i t h  t h c  p lan t ing  of propor vcgc ta t ion  f o r  
c f f c c t i v c  crosion cont ro l .  

It i s  r c l a t i v c l y  f l a t  and scldom 

The I X  nestmoreland s o i l s  a r c  r a t h c r  important i n  Nest Vi rg in ia  and 
occur i n  almost every place vrhcrc limcstonc e x i s t s .  
a g r i c u l t u r a l l y  bccausc of t h c i r  f c r t i l i t y  and workabi l i ty .  
pography i s  va r i ab lc  with some areas gent ly  r o l l i n g  and othors  cxccssi-mly 
s teep.  
s ion  i s  usua l ly  moderctc although scvcre c ros ion  i s  not  uncommn. 
prescncc of t h e  i r a c r  bedded l ayc r s  of s h d c  gives  tho  soil. a p a r t i c u l a r  
s t r u c t u r e  &ich i s  more suscept lb lc  t o  c rcs ion  than  s o i l s  dcrivcd wholly 
f r o m  limcstcnc. Occasiond g u l l i c s  a r c  c h n r a c t c r i s t i c  of t h i s  s e r i e s  
bu.t it i s  gencra l lg  poss ib le  t o  e s t a b l i s h  a n  c f f c c t i v c  covcr of vegetat ion 
on t h e a  w5.th t h c  a i d  of properly dcsigned ciiginccring s t ruc tu res .  

Thcy a r e  important 
Thcir  to -  

P r a c t i c n l l y  a l l  of t h e  smoothcr a rcas  a r c  in t cns ivc ly  famedr Ero- 
The 

The Bclmont silty c lay  l o a m  occurs i n  conjunction v i t h  Brooke 
and Wcstmcroland i n  most of t h c  l imcstcnc sec t ions .  I t  cannot bc ccn- 
s idcrcd  a vcry important s o i l  bccause it occurs only i n  smnll a rcas .  
I t s  topography i s  usua l ly  r a t h c r  s t ccp  sr i th  vcry fcw a reas  smooth cncugh 
f o r  cu l t i va t ion .  It has a lcw absorp t ivc  capac i ty  and does n o t h 3 v e  as 
good physical  s t r u c t u r c  as tho  o thcr  limestone influenccd s o i l s .  A f t e r  
t h c  A-horizon i s  l o s t  through crcs ion ,  g u l l i c s  immcdiatcly dcvclop. One 
of t he  mnin f a c t o r s  inf lucncing t h e i r  de:rclopmont i s  t h c  l a y e r  o r  l ayc r s  
of rod cnlcaroous sha lc  xhich usually occur i n  t h o  3-horizon. The s o i l  
i s  f a i r ly  productivc i n  t h e  f o v  ascas  vrhich a r c  adaptcd t o  cu l t i va t ion .  
In such i n s t m c c s  engineering s t r u c t u r c s  can bc c f f co t ivc ly  usod. 

0 

Thc Bagorstom and Frcdcr ick  s c r i c s  arc mong t h c  most i n luab lc  
a g r i c u l t u r a l  s o i l s  of t h c  S ta t e .  
and arc m t e r i a l l y  f e r t i l e .  Thcy occur minly i n  thc cas t c rn  panhandlo 
and i n  count ics  a long the  c a s t c r n  and southoastorn bordcr  of t h e  s ta tc .  
Xoithcr of them arc  found w i t h i n  t h c  prcscnt  Pro jec t  Area. 
pography i s  usually frrvorablc f o r  c u l t i v a t i o n  o r  pas turc  and as a r c s u l t  
probably t h c  most in tens ive  farrning of Wcst Vi rg in ia  occurs on them. 
According t o  a rcccnt  rcconnaissancc e rc s ion  survcy o f t h c  s c r i c s ,  cro- 
Sion m r i c s  from s l i g h t  t o  m d c r a t c  and occasional ly  t o  scverc. 
cropping and poor farming p rac t i ccs  have influcncod t h c  vcgotat ivc cover 

Thcy a rc  dcrivcd whclly from limcstcnc 

Thcir t o -  

In tcns ivc  
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and a io the  physical structure of the s o i l .  
control mothods f o r  such soi ls  the cnginecr should consider t he  fol- 
lowing points : 

In designing erosion 

1. 

2. 

They a r c  mong the most productive s o i l s  ef West Virginia. 

Their physical structure and chemical composition a re  both 
favorable f o r  offcctive cresion control ~ ~ ~ a s u r e s .  

The Franktom s o i l s  a r e  found only in the eastern panhandle of 
the Skate. Their topography i s  variable but generally i s  smooth enough 
f o r  sat isfactory cult ivation. Although Franktam s o i l s  are  not cxtcnsively 
dis t r ibuted they arc important because of t h e i r  produc%ivoness and wide 
range of workability. The physical s t ructure  and chemical composition 
i s  vory similar t o  t h a t  of the Hagerstown and Frodorick ser ies .  Gener- 
a l l y  the  erosion i s  moderate with occasional areas of severe Trashing and 
gul l ies .  
Frederick s o i l s  should prove sat isfactory in  most cases f o r  the Flzmktam 
soi ls .  

Erosion control nethods desclopcd for  the H a g e r s t m  and 

Thc.Datmtna s o i l s  occur i n  small areas i n  Jefferson County. They 
possess a s t a t e  of high f e r t i l i t y  as well  as  a f a i r l y  smooth topography, 
so erosion i s  not very serious i n  most cases. 
oontrol s t ructures  a rc  needed those designed f o r  t he  other more f e r t i l e  
limostone s o i l s  can be sa t i s fac tor i ly  used. 

In cases where erosion 

Undoubtedly the most erosive s o i l  i n  West Virginia i s  tho  Upshur 
It is ra re ly  or  never found i n  t h e  merodcd s t a t 0  beoausc i t s  series.  

heavy texture and narrmr rmgc of workability i s  almys oondueivc t o  
severe erosion. The Upshur Clay occurs i n  small areas throughout t h e  
Project wherever deposits of red calcareous shale have been formod i n  
appreciable quantit ies.  The deposits occur m i n l y  i n  Jackson, Clay, 
and Braxten counties together with a fey?  scattered areas throughout the 
State.  The topography of the  s o i l s  is scldom cxcessively stocp. 
they occupy posit ions on h i l l tops  or  ro l l ing  shelf lands. 
have becn completely covered by landslide of sandstone and s h l y  materials. 

Usually 
0 

M a n y  areas  

Upshur s o i l s  are preductivc but  cu l t iva t icn  i s  very d i f f i o u l t  due 
t o  t h e i r  narrow range of workability. 
bake very readily when exposed t o  a hot sun. 
favor l m v  absorption and excessive runoff. 
t o  maintain a desirable vegetative or fores t  cover on s o i l s  of this m t u r c  
by introducing well planned farming practices. 
been severely damaged, nnd i n  m y  cases destroyed, by gul l ies  resul t ing 
through peer land use. 
dcsigncd engineering strueturcs supplcmcnted by suff ic iont  bank sloping, 
seeding and planting. 
boar in mind the inherent suscept ibi l i ty  of such heavy tcxturcd s o i l s  t o  

They a re  extromoly tenacious and 
Such physical properties 

Every e f f o r t  should be mde  

Mnny areas  have already 

Such gul l ies  can be controlled best  by properly 

I n  designing such struekures, the engineer must 

0 
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scverc mshing. 
horizon (thrcc t o  four f e e t  beloyr tho surface) of fors  l i t t l o  rcsistancc 
t o  crosion, ccnscquently structurcs a rc  l ikc ly  t o  f a i l  if they arc uot 
carcfully constructod. 

Tho pa r t i a l ly  decomposed rod s h l c  found i n  tho C- 

-Another s o i l  similar t o  t he  Upshur i s  tho Lchcv serics.  I t  
occws 0;lly i n  small arcas i n  West Virginia, usmlly i n  association v&th 
Xcigs o r  Upshur. 
pOsscsscs a brocder rangc of wcrknbility than tho Upshur s o i l s  but i s  
loss f e r t i l c .  Tho continucd cu l t iva t icn  of most Lchcw arcas has rcsul tcd 
i n  ra thcr  scvcre s o i l  lcsscs with gullying dcvclopod t o  n r y i n g  oxtcnts 
i n  mny arcas. 
stcop, as it i s  found mostly on h i l l tops ,  and occasionally o n t h c  smoothcr 
bench f c rmt ions  found on many h i l l s idcs .  
cult ivztion o r  i n  pasturc aad nro valunblc f r o m  an agricul tural  vicwpcint. 
Enginccring structurcs can jus t i f iab ly  bc uscd on such area. 

Sandstone has influcnccd i t s  formation and, hcncc, it 

Gencrally tho topography of tho Lchcv sc r i c s  i s  not vory 

Most Lchcw Soi ls  arc oithcr  i n  

Thc Bcrk s c i l s  found i n  thc cc&crn panhandle and tho Ti l s i t  
sc r ics  occurring i n  scvcral countios along the castcrn border of tho 
s t a t e  a rc  re la t ive ly  poor agr icul tural  soils. 
t o  rol l ing topography but t h e i r  low productivity prcvcnts them from 
being considcrcd mcng thc  important s o i l s  of West Virginia. 
rc la t ivoly smooth topography occupicd by thcsc so i l s  is probably t h c i r  
greatest  prctcctivc fac tor  against crcsicn. 
suffcrcd only modcrate losses from Trashing cvcnthough tho  vcgctativc 
c o v w  i s  th in  and of poor quality. 
Bork and Ti l s i t  sc r ics  can bc cffcct ivcly ccntrollcd by propcr land 
u t i l i m t i o n ,  nidcd by nccossary cngincering structurcs.  It mus t  bc 
rcmcmbcrcd tha t  thcsc s o i l s  have tr lo17 agr icul tural  m l u c  and should be 
t rca tcd  with the most cconcmical ncthods of erosion control possible. 

Thc stccp and broken topography of Xest Virginia has promctcd 

Thosc dcpcsitions a rc  gcncrally f c r t i l c ,  cspccially whorc t h o  

Thcy occupy undulating 

Tho 

Most of thc  arcas have 

It i s  bclicved t h a t  erosion on tho 

appreciable col luvial  depositions along the bascs of many of tho highcr 
h i l l s .  
matcria1.hc.s ccmc from h i l l s idcs  t h a t  wcrc not alrcady scvcrely crcdcd. 
In most casts t h o  crosion has bocn ncgligiblc but occasionally gul l ics  
h v c  dcvcloped t o  a dcpth of scvcral f cc t .  
controlled by cnginccring s t ructurcs  and plmtings.  

Thcsc should and can bc 

Wcst Virginia cmbodics largc areas of strcam tcrracc o r  socond- 
bottom land. 
flow (sccond bottom) lands along all the la rger  s t r c m s  of tho s ta te .  
Thcy const i tutc  an apprcciablc pcrccntagc of the cu l t imtab lc  land of 
th i s  region. 

Such s o i l s  a rc  vratcr-dcpositod and occur on recont ovcr- 

Thc xorc rfidcly distributcd a l luv ia l  so i l s  arc the Tyler cud 
Hclston scr i ss .  
wash f rom sandstono arcas. 

Thcy occur along s t r c m s  which h v c  rcccivcd t h c i r  
Lilrc other m t c r  deposited s o i l s ,  thcy wore 

0 
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original ly  l a i d  d m  on levol tc r race  formations. &my of these te r races  
havc bccn so badly broken up by scvere erosion t h a t  i s  i s  sometimes hard 
t o  rcocgnizo the  present topography as being r c m n t s  of streamterraees. 
The so i l s  are generally i n f e r t i l e  due t o  over-cropping without t he  appli- 
cation of  s o i l  treatments, 
chemical composition and a physical structure which i s  a ready prey f o r  
the devastating act ion of runoff tmter. 
of fcrming, strcnm t c rmco  s o i l s  m i l l  improvc t o  a fa i r  s t a t e  of produc- 
t i v i t y .  This factor,  along with favcrablo topography, make such s o i l s  
m l u b l c  t o  the  farmers. The physical and geological nature of seoond 
bottom s o i l s  lend themselves t o  tho application of divcrs i f iod erosion 
control mcthcds. 
practices. 
s t i l l  othcrs cm be successfully controlled by contour farming alone. 

Such practices have resulted i n  m unfavorable 

When subjected t o  a corrcct  system 

Nany areas arc adaptcd t o  s t r i p  oropping and te r rac ing  
Others rcquirc grllly structures and diversion ditchos while 

Other stream terrace s o i l s  vrhioh have been mapped i n  Wst V i r -  
ginia arc thc  Monongalia, Mhccling, and Elk sc r i e s  which in  m o s t  rcspocts 
a rc  similar i n  both chemical and physical chractcrist ics t o  t h e  Tylcr 
and Xclstcn scrics already discusscd. 
control should prove sat isfactory f o r  them. 

Q 
Thc samc gcneral plan of crosion 

Most of the strcms of Xest Virginia arc subject t o  ovcrflow 
during hcavy rains. Those flood plains or f i rs t  bottoms mry in width 
from a fcw f c c t  t o  rathcr broad cul t ivatablc  f ie lds .  
sc r ics  occupying such posit ions a rc  Pcpc, Mcshannon, Huntington, Adkins, 
&nd Holly. 
prcblcmbccausc the depositions rcocivcd from f lood  mtcr  equals any 
crcsion which m y  takc placc. 
because cf f l a t  slopcs of tho tcrraccs .  
farmcr t o  u t i l i e c  all available bettcm land f o r  intensive crop production 
it i s  of ten ju s t i f i ab le  t o  drain such arcas in  order t h a t  stcepcr lmd 
can bc retircr? from cultivation. 

The prineipal s o i l s  

Thcsc s o i l s  gcncrally do not  prcscnt a serious crosion control 

Drainagc may becorn a problem howovcr, 
Then it i s  ncccssary f o r  thc 

A numbcr of other s o i l  scr ies  have bccn mapped i n  Vloest Virginia 
bu t  they a re  not of suf f ic ien t  cxtcnt or importance t o  warrant a lengthy 
discussion here. Erosion control methods dovised f o r  s o i l s  of similxr 
charactcr is t ics  should suffioc. 

Thc discussion of Vest Virginia s o i l s  i s  given t o  acquaint 
f i e l d  cngincers rrith thc indi-ridml oharactcr is t ics  of tho  mcrc im- 
portant s o i l  typcs and scrics. It i s  importmt t h a t  thcsc d i f fe ren t  
qua l i t i e s  bc carefully studicd i n  m y  -mil dewlopod crosion control 
progrm. Thcir cxistcnco i s  evident but tho extent of t h c i r  influonccs 
i n  zny dircct ion is re la t ive ly  wbown. Dcfinito mcthcds f o r  measuring 
and controll ing such factors  must bc dcviscd by cnginecrs i n  the field.  

Thcrc has bccn included a graph showing pcrccnt slopc and pcrccnt 
crcsion d is t r ibu t ion  on Projcct #Fj. 
havc bccn plotted on tho s m c  shoot t o  indicate ha7 oloscly perocnt of 

(Chwt #3, page 23). Both curves 
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crosion pwal lc l s  pcrcont sl@pc. Surfacc s o i l  cspecially show a high 
r a t c  of erosion wherc s l o p  i s  cxccssivc. Gncc tho subsurfacc strata 
i s  reached 'ire f ind cxccssivc crosion occurring oven on rc la t ivc ly  f l a t  
slopcs. 
from tke graph. 
25% slopcs and zpprcximtcly 30% of the  surfacc s o i l  gone. 

The steep slopcs occurring cn Project #l3 arc very apparent 
For  instancc vre notc t h a t  on 28% of the  arca we ham 

In  Vest Virginia thero has been obscrvcd a typc of crosion which, 
it i s  f e l t ,  j u s t i f i c s  r* d i s t i n c t  c lass i f icat ion.  
insidious %id videspread. 
of i t s  cliaractcristics. 
b c l m  such slopcs, which indicates t h a t  seeping v a t o r  chamicls bcncath 
thc surfncc of thc  s o i l  cut t ing out vcri tablc  gul l ies  which l a t e r  cave 
in. 
before t h c i r  existcncc i s  even suspccted. In t ime  they evolvc i n t o  open 
gul l ies ,  soinctincs overnight. Stock will frcqucntly brcak through t h c i r  
t h in  covcring of s o i l .  Wwrc an impcrvious s t r a t a  of rock or s o i l  occurs 
near tho  s o i l  surfncc i?c scinetimcs have subsurface erosion in  the  form of 
she& vashing which u l t b t c l y  r c su l t s  i n  a s l i p .  L i t t l e  as ye t  i s  knmm 
of t h i s  typc of erosion. 

Its cf fcc ts  are v e r y  
'!?e haw termed it subsurfac,~ erosion because 

It is prcmlent on sCoep s l o p s  and cnbcnches 

Thcsc gul l ies  m y  take years t o  fom and nay bo of grcat mngnitudc 

The accclcrated erosion result ing frm the  action of vntcr i n  
Kcs t  Virginia m y  bc c lass i f icd  as folla-fs: 

1. Shcct Erosion 
(1) Ncdcratc (almost impcrccptiblc) 
(2) s w o r e  

(2.) 
(b) Gallcd arcas 
( c )  s l i p s  

?cckets (Evident along c re s t  of bcnchcs) 

11. Gully Erosion 
(1) Head erosion (active eating back of gu l l ics )  
( 2 )  C b i c 1  erosion ( p r i m r y  gul l ies )  
( 3 )  Lateral  crosion (secondary gullics,may bccamc pr imry)  

111. Subsurface crosicn 
(1) ChaLltlcl 
(2) Sheet 

The nemenclaturc uscd i s  sclf-explanatory s o  w i l l  not be takon 
up i n  detai l .  
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Sectiop. I: SOILS 

I UPLAI\D SOILS 
-I 

A. Xixed 

CIXFTER V I  

WST V I R G I N I A  SOILS KEY 

OF REEDY C R E E X  S O I L  EROSIOI? CONTROL PROJECT #l3 

red and gray land -- hkeigs. 

Xoigs Clay Loam 

The surfaco s o i l  i s  l i g h t  grayish-brovm, s i l t y  c l ay  locm, 2 t o  
5 inches deep, 

Tho subsoi l  i s  yollcwish-brown c l ay  loam extending i n t o  red  c lay .  

Derived from sandstones, sandy shales ,  and red shale, usmlly 

F a i r l y  productive and one of t h e  most important a g r i c u l t u r a l  

calcareous. 

s o i l s  of t he  state. 

Comprises about 53,000 acres ,  o r  314.7% of t h e  toCal  p ro jec t  area, 
s c a t t e m d  throughout t h e  area. 
40% slopes,  and 68% has l o s t  25-75h of t h e  surface s o i l .  

Fifty-one percont (51s) of it i s  on 25- 

Occurs i n  a l l  count ics  i n w e s t o m  p a r t  of s t a t e  and i n  small 
arcas i n  all other  sandstono and shale sec t ions .  

Meigs Stony Loam 

Surface s o i l  i s  dark grayish-brmm t o  brawn l o a n  o r  s i l t y  loam 
2 t o  5 inches deep. 

Subsoi l  i s  yellowish-brown t o  reddish-brovtn c l a y  loam. 

Derived from sandstones, sandy sha le s  and red  (calcareous)  shale ,  
mixed by s l ipp ing  and s l i d i n g  on h i l l s i d o s .  
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Comprises about 47,WO ac res ,  o r  3O.@ of t h e  P r o j e c t  a r ea ,  wide- 
sprc2.d over t h e  a res .  

Low a g r i c u l t u r a l  value due t o  rough and stony topography. 

Forty- threc percent  (43%) of Meigs stony loam occurs on 25-40$ 
slOpcs :md 4;?$ on 40% slopes.  70% has l o s t  25-7pt; of i t s  sur face  s o i l .  

Occurs i n  a s s o c i a t i o n  wi th  Ekigs c l a y  loam. 

R. Gray sand.stonccc, and shales -- Dekalb. 

Dokalb S i l t  Loam 

Surface s o i l  i s  grayish  brcnn o r  yel lowish gray s i l t  loam 3 t o  

-. .I- 

6 inohcs deep. 

Subsoi l  i s  hro~niish-:rcllow hcavy s i l t  loam, extending i n t o  c lay  
o r  c lay  loam,  

Dorivcd from sandstono, saiidy sha le ,  and s o f t  gray shale of non- 
calcareous na turc ,  

Nstur.?lly not  a s t rong  s o i l  b u t  r a t h c r  important because o f  wide 
d i s t r i b u t i o n .  

Most f requent ly  occupies h i l l t o p s  and r idgc-tops,  extencling down 

Forty-onc percent (4l$) occurs on 25-403 slopes,  6!& 
tho s idcs ,  vridcspread cvcr thc iirea. Compriscs abcllt 20,000 acres o r  
l?.l& of thc  arcn. 
has l o s t  25-75$ of  i t s  t o p s o i l ,  

Oocurs mcinly i n  c e n t r a l  and southern count ies  b u t  appreoinblo 
q e a s  a r e  found throughout tho s t a t e .  

Dekalb Stony S i l t  Loam 

Surface s o i l  i s  ycllcvuish-gray o r  grayish-brown s i l t y  loam from 
2 t o  5 inches deep. 

Subsoi l  i s  ycl lowish-brom t o  yellow, s l i g h t l y  compact, heavy 
loam t o  c l a y  loam. 

Has low a g r i c u l t u r a l  va lue ,  
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Dcrived from sandstones, sandy sha les ,  and s o f t  gray sha lcs .  
Q u a n t i t i e s  of angular  s tones l i o  on t h e  sur facc  and i n  t h e  s o i l  mass. 
Comprises about 4,000 ac res  o r  2.6% of t h e  Project area.  Thir ty-f ivc 
perccnt  (35%) i s  on 25-40% slopes,  51% on 40$+ slopes;  7% i s  i n  25- 
75% eros ion  elass. 

Found ' i n  a s soc ia t ion  with Dekalb s i l t  loam. 

Dokalb Stony Sandy Loam 

Wormally t h e  Dckalb stony, sandy loam has a l i g h t  yollow or 
yc l lmish -g ray  sandy loam surfacc s o i l  about 6 inchcs decp. 
has rcmovcd a l l  but  1 t o  4 inches of t h e  sur face  s o i l  as it i s  now 
mapped. 
t h e  s o i l  mass. 
f n t c r f c r e  wi th  cu l t i va t ion ,  l i e  s ca t t c r cd  on t h o  sur face  and i n  t h e  
s o i l  mass. 

Erosion 

The subsoi l  i s  lemon-yellow sandy l o r n  t o  t h o  f u l l  dopth of 
Angular sandstonc fragmcnts in numbers s u f f i c i e n t  t o  

Has low a g r i c u l t u r a l  valuo. 

Dcrived from sandstones, sandy sha lcs ,  and s o f t  gray shales 
of non-calcarccus nature.  

Found in  a s soc ia t ion  wi th  o ther  D o h l b  s o i l s .  

D c h l b  Sandy Loam 

Tho sur facc  s o i l  i s  l i g h t  gray t o  yellowish-gray sandy loam 1 
When uncroded it should be a t  l e a s t  6 inches doep. t o  4 inches deop. 

Thc subso i l  i s  lemon-yollcvr sandy l o r n  t o  t h c  f u l l  depth of t h o  s o i l  
@ mass. 

This s o i l  i s  similar t o  t h c  Dckalb s tony sandy loam cxcopt that 
s tones  i n  t h c  s o i l  mass a r c  no t  nwncrcus enough t o  i n t e r f c r c  w i t h  c u l t i -  
vat ion.  

Natural ly  of low f c r t i l i t y  b u t  rcsponds t o  troatment.  

It i s  widcspread b u t  mostly oonfincd t o  t h o  southern p a r t  of t h e  
Fro jcc t  a rea ,  comprising about 3,600 ac rcs  or 2.4%. For ty  pcrcent (40%) 
of it i s  on 25-40% slopcs,  30% on s lopcs,  70% i s  i n  25-75%, cros ion  
c l a s s  and 25% has l o s t  over 75% of i t s  t o p s o i l .  

Found i n  a s soc ia t ion  wi th  o thcr  Dekalb S o i l s .  



C. Limostom, graylLmd -- Brooko. 

Brooke Clay L m  

All of tho Brookc clay loam within tho Rccdy Creck Project area 
hzs  bccn clcarcd of  timbcr, G O  t h a t  no truo pref i lc  i s  avnilablc. 
i s  probcblo that the  B horizon m y  havc bccn a t  l e a s t  10 inches docp i n  
tho uncrodcd. stato.  
dark b rom o r  dark grayish-brmm clay l o w  o r  s i l t y  loam containing a 
considcrablc quantity of organic m t t c r .  The subsoil t o  a dcpth of 2 
f ee t  i s  chocolatc brown, hcavy s i l t y ,  clay loam t o  clay, l igh tcr  i n  
color, and morc compact t h n  the surface. This, i n  turn,  i s  undcrlain 
by olive-gray plast ic ,  tenmoous olny. 

- 

I t  

Thc snrfaao s o i l ' n a r  consists :of Y.to-6 iachcs of 

Dcrivcd cn t i rc ly  f ron linestonc mathorod i n  placc. 

Posscssos high inherent f e r t i l i t y .  

The Brocko clay loam i s  coilfinod t o  a sm.11 aroa, about 1,800 
acres o r  1.2% of thc  t o t a l  Project arc., i n  tho  north\-rcstcrn part. 
f ive pcroent (552) o f  it i s  on 12-25% slopes,  25% on 25-lco% slopes, d+$ 
has l o s t  l css  than 25% of topsoi l  and 3& i s  i n  25-75% crosion clrrss. 

F i f ty  

Occurs typical ly  i n  the  Northern Panhmdlc. Taylor, Hctzcl, 
Marshall, Ritchic, Plezsants, &son, Prrtnam, Hancock, Brookc, Ohio, 
Rcanc, :'toed, W i r t ,  m y  be associatcd with Hagerstmm s o i l s  i n  the 
eastern par t  of statc.  

.. 

D. Xixcd limcstonc, sandstono and shalc, l i gh t  brmm co lo r  -- 
Wcshorcland. 

Wecstnorcland S i l t j  Clay Loam 

The surface s o i l  i s  l ight-brow or  ycllovrish brown s i l t  l o w ,  
and should be n o m l l y  c.bcut 10 inches dccp. 
bccn washod amy, and thc s i l t  l o m  surface s o i l  i s  na7 found t o  bc from 
2 t o  6 inches dccp. 
f a i r l y  compact s i l t y  clay loam t o  about 2 4  inchos depth. 
thc subsoil takce on a pinkish cas t  and beoemes clay loam, occasionally 
extending in to  ashy-gray linestonc residue. 

Xuoh of the A horizon has 

This i s  underlain by brownish-yelloi-r t o  ycllom, 
Bclow th;lt, 

Derived f r o n  the disintcgration of intimately intcrbcddcd linc- 
stone, sandstone and clay shale. Considered a strong s o i l .  

Thc 'Nostinoreland s o i l  i s  found associatcd rri th tho Brookc i n  
the northwestern par t  of tho Project area. It comprises about 2,800 
acres o r  1.@% of t hc  t o t a l  Projcct area. Thirty-nine pcrccnt (39%) of 
it occurs on 25-bO% slopos, 31% on 4os6.t slopes, 7% i s  i n  the 25-75% 
erosion class. 
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Occurs i n  association with Brcokc and i n  Barrison, Marion, and 
Mcnongalis countics i n  association with thc Hagcrstam and Frankstmm 
scr ics .  

Belmont S i l t y  Clay Loam 

It i s  probable t h a t  t he  Belmont s i l t y  clay loam originc.lly had 
an d horizon of  s i l t  loan at lcast 10 inchcs dccp. A s  it nmr occurs, 
the surface s o i l  i s  3 t o  6 inchcs dccp of yellowish-gray t o  brownish- 
gray s i l t  loam, underlain i n  'tho uppcr subsoil by yellowish-brown s l igh t ly  
compact s i l t y  clay l o a m  o r  clay loan. 
changes t o  s a h c n  pink, grading t o  rod, compact, tamcoous clay i n  the 
lowcr subsoil. ii fcm remnants of limcstone l i o  scattered cn thc  surfaco 
and i n  thc s o i l  mss ,  also angular fragments of sandstcnc appear. 

A t  12 t o  18 inchcs, t h e  color 

Dcrivcd f r o m  interbcddcd lincstonc, sandstono and red calcaroous 
shale. 

Sl ight ly  less  f c r t i l c  than the Ihtinorcland Scrics. 

I t  i s  closcly associated with Mostmoreland and Brockc i n  thc 
iicrthwcstcrn part  of thc Prcjcct  arca, ccnprising about 2,000 :w-es, or  
1.32% of tho mw.. Tvnnty-six pcrccnt (26%) of thc  s o i l  occurs on 12- 
25% slopes,  35% oil 25-408 slopes, and 34% on 407+ slopes, 68% f a l l s  i n  
25-75% orosioa class, 17% has lost cvor 75% of i t s  topsoi l .  

Occurs i n  association v i t h  Brcckc and pstmcrcland. 

Upshur Clay 

This s o i l  YGS undoubtedly a s i l t y  clay loam i n  i t s  original 
Probably all of thc  original A horizon has been eroded away, state. 

but subsequcnt troatmcnt hc.s rcsultcd i n  thc f o m t i c n  of 2 t o  4 inches 
of dark chocolate-rod clay loam surface soil. The subsoil i s  Indian- 
red plast ic ,  t cnxccus  clay. 

It i s  derived en t i re ly  f rom red clay shale of a c~.lcweous 
charaotcr. 

Naturally a strong s o i l  but a mrroyr range of vrorknbility. 

Smw.11 areas of Upshur clay arc scattcrcd throughout the Project 
area, the la rgcr  zr0c.s bcing confined t o  the  southern part .  
ibout 2,000 acres, o r  1.3% of tho t o t a l  Project arca. Fifty-ninc percent 
(59%) of  thc  s o i l  occurs on 12-25$ slopes, 26% on 25-40% slopes, 6% of 
it f a l l s  i n  25-75% crosion class  and 33% has l o s t  more t'nan 75% of  surfaco 

It cmprises  



s o i l .  
gullying. 

Small arcas have bccn total ly  dcstroycd f o r  cul t ivat ion by 

Occurs lmgcly  i n  Jackson, Clay and Braxton Countics but i s  
also found i n  small arcas  thrCughOut tho State. 

Tho Lohow i s  similar t o  both thc  'Jpshur and the BiIcigs. It i s  
probcLblc t h a t  t h i s  s o i l  originally had e. l i g h t  red o r  pinkish s i l t  loam 
surf:.cc s o i l  scvcral inchcs thick,  
yellowish-rod o r  pinkish s i l t  lozm 2 t o  5 inches dcep. 
i s  l i g h t  red s i l t y  clay lorn t o  a dcpth of 12 t o  20 inchcs. 
s o i l  i s  usually red clay. 

Tho surface s o i l  i s  now a light-brown, 

Tho dcop sub- 
Thc uppor subsoil 

Dcrivcd f r cn  smdstonc which u s u ~ l l y  contains a quantity of i ron 
and wcathors red, thc  comnon red shalc, and cf tcn tho gray c r  grconish 
clay shalo. 
calcarccus charactor. 

Most of tho parcnt mator ia l s  forming Lohew are of a non- 

Sl ight ly  l e s s  f o r t i l o  than TJpshur but pcsscsscs a broadcr range 
of worlnbility. 

hhcw occurs i n  sm11 scattorod arcas, comprising about 2,000 
acros, o r  1.32% of tho t o t a l  Projcct arca. 
it i s  on 12-25$ slopcs, 2% on 25-40% slcpcs, 83% of Lchcrv i s  i n  t h e  
25-75% crosion class,  12$ has l o s t  less th,w 25% and 5% has l o s t  more 
than 75% of  surfacc s o i l .  

Fifty-six pcrccnt (56%) of  

Found i n  associ?.tion -;dth Upshur and Uoigs sorics.  

11. COLLWIAL DEPOSITION 

This s o i l  has no >-roll dcvolopcd profile. The surfacc laycr i s  
dark brmm o r  roddish-brocm ycllow loan t o  a dcpth of  10 c r  12 inchcs, 
grading in to  s l i gh t ly  compact, somcvht hcavicr l o m  t o  a s i l t y  olay 
loam of l ightor  brmm color. 
ra thcr  thm crodcd, although gul l ics  appcar and crosion i s  m.ppcd 
lwgc ly  on tho basis  of gull ies.  Thc s o i l  usually roprcsents tho 
bcst  of  t hc  matorials vashcd fron the stccpcr slopcs above it. 

I n  gcncral tho s o i l  i s  bcing addcd t o  

Ratcs as onc of tho strongost agr icul tural  s o i l s  i n  tho Projoct 
A r m .  

This s o i l  may occur a t  the bascs o f  slcpcs ruryvvhcrc i n  tho 
arca, comprising about 3,100 acrcs or 2.4% of thc  arm. 
(2%) coours on 4-12$ slopcs, 45% on l2-25% slcpcs, 78% i s  i n  0-25% 
erosion, 10% i n  25-75$ crosion classcs. 

Two pcrcont 

Occurs throughout Stntc i n  small arcas. 
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111. STF324.M TERRACE SOILS 

A. Gray surface, yollovrish subsoil, mcttlcd and gonorally 
poorly drnincd -- Tylcr. 

Tylcr S i l t  Lcam 

This i s  yellowish-gray o r  gray f r i ab lc  and ycllaw s i l t  loam4 
t o  8 c r  mcrc inchcs dccp. 
below thc  surface i s  l i g h t  ycllmlish-brmm s l igh t ly  canpact but f r iab lc  
hcavy s i l t  loam. 
ranging t o  l i g h t  clay loam, l i gh t  brown in color, and mottlcd with 
Y C l l O W ,  gray and rust brmm. 
mi th in thc  s o i l  mss. 

Thc uppcr subsoil t o  a dcpth o f  20 inchcs 

Thc lmrcr subsoil bcccmcs mcrc compact and hcavicr, 

Iron ccncrcticns arc ccnmcnly found 

Tylcr i s  a scccnd bottom or  tcrracc so i l ,  stroam dcpcsitcd a t  
time vrhcn thc  strcaii  bcds wcrc a t  a much highcr clcvnticn than a t  

proscnt. It i s  dcrivcd mainly frcnwash fron sandstone m t c r i a l s .  

Nct a f c r t i l c  soi l .  

This s o i l  ccnpriscs ;?bout 2,300 acrcs or  1.51% of thc t o t a l  
Prcjcct  arca, 48% of it is on 4-l2% s l o p s ,  2% on 12-25% s l o p s ,  21% 
has no apparcnt crcsicn, &% has suffcrcd s l igh t  crcsicn, 31% has l o s t  
25-75% surfacc so i l ,  and 2% has l o s t  mcrc than 75% surfacc sc i l .  

Occurs along t hc  largcr streams trhich htlvc rcccivod t h e i r  wash 
f rom Smdstcnc arms.  

Tylcr Lcam 

This i s  similar i n  a l l  rcspccts t o  t he  Tylcr s i l t  loam cxccpt 
i n  tcxturc. 
10 inchcs dcep. 
l o r n ,  ranging in to  mcrc compact, dcep lorn, sharing cvidencc cf i ron 
stains and mottlcs. 

It consists of a l i g h t  brmm f r i a b l c  loam surfacc s o i l  about 
The subsoil i s  2. l igh ter  brown, s l i gh t ly  compact g r i t t y  

Thc type i s  associated with Tylcr s i l t  loam along tho la rgcr  
streams. 

Sl ight ly  strcngcr than the  Tyler Soils. 

It compriscs only a smll pnrt of thc tcrraco formations, 

Occurs i n  association with Tylcr s i l t  loam. 

B. Light bravn surfacc, ycllmvish subsoil -- Hclstcn. 

Hclstcn S i l t  Lcam 

Thc surfaco soil i s  light. brown to light ycllotrrlsh-gray frinble I 



-31- 

and mllw s i l t  l o w  3 t o  8 inchcs dcop. The subsoi l  i s  ycl ldsh-brovm 
f r iab lc  s i l t  loam t o  a dopth of 18 or.20 inches below tho surface. 
luwor subsoil i s  l i g h t  rcddish-brovm hcavy s i l t  lorn t o  s i l t y  c lay lorn. 
Drainagc i s  usually good and nc t t l c s  a rc  usually absont. 

Thc 

Holston i s  n. water dcpcsitcd soil fcmcd i n  tho  s a c  nmncr as 
Tylcr, mainly f r cn  the vnsh from smdstc:lc m t o r i a l .  

L%tcs favorably i n  f c r t i l i t y t o  thc  Tylor l o r n .  

It i s  distributcd mostly along tho L i t t l e  Kcnawha River, corn- 
prising about 800 acrcs, o r  .5$ of the t o t a l  Prcjcct  arc?., lW$ of it 
is on slcpcs undcr @, &$ of Holstcn hns l o s t  up t o  25% of i t s  surface 
s o i l ,  51% has l o s t  25-75% m d  @ has l o s t  moro than 75% of i t s  surface 
s o i l .  

Occurs i n  association with Tylcr s o i l s  but d d m t c s  i n  bc t t c r  
draincd po- ' t '  01 ions. 

IT. F I B T  BOTTOijI SOIIS 

A. Brmm -- Pop0 

Popc S i l t  Loam 

Popc s i l t  l o m  i s  c. rcecnt deposition hcvlng no dcf ini tc  prcf i lc .  
I t  consists of abrovm s i l t  loam t o  a dcpth of 12 t o  15 inchcs, grnding 
into l igh tcr  bra-m nnd s l igh t ly  norc compact s i l t  l o r n  t o  the full dopth 
of tho s o i l  m".ss, 
uritil a dopth of about 4 f cc t  i s  rcachcd. 

Thcrc i s  no dccidcd changc i n  structurc or tcxturc 

This type l i c s  i n  mrrw bands along tho s t r c m  of tho nrca, i s  
dcrivod f r cn  tho wash f rom sandstcnc materials, i s  subjcct t o  frcqucnt 
cvcrflovr, and i s  gcnornlly being added t o  by doposition. 

Natumlly f o r t i l c  but usually acid i n  rcacticn. 

It ecnpriscs about 7,000 acres, o r  4.6% of thc t o t a l  Prcjcct  aroa, 

Rosponds t o  
trcatncnt.  

88% of it i s  pract ical ly  f l a t ,  1% is  on slopos varying f rom 4-1s; 90% 
has no apparcgt orosion, and 10% h m  crcdcd s l ight ly .  

Occurs along strcams which rcccivod t h c i r  twah from hicigs and 
Dcblb  areas. 

Pop0 Fino Sandy Loam 

This i s  idcnt ical  with thc  s i l t  loam of tho  same -3nc except in 
tcxturc. 
with dcpth in to  l i gh tc r  b r c m  color and s l igh t ly  mcrc eonpact structure. 

The tcxturc  i s  thct  of a f inc  sandy loan, brmm i n  color, ranging 
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Thc dccp subsoil contains cncugh clay t o  givc it a sticky f o o l .  

It i s  associated rrith thc Pop0 s i l t  lw and i s  subjcct t o  tho s m o  
conditions, 

Tho m t c r i a l  i s  ncn-calcarcous wash, mainly from sandstonos. 

Occurs i n  association with Pop0 S i l t  Lo,?nr 

B. Ilcd -- Moshnnon. 

Moshannon S i l t  Lorn 

Tho Moshynon i s  s i n i l a r  i n  a l l  rcspccts t o  the  Pcpc S i l t  Lcm 
cxocpt i n  color nnd dorivaticn. 
surfacc laycr i s  a rod s i l t  locan. 
bram, s l i gh t ly  more ccnpact, s i l t  lowrl Thc surfacc smotincs  bakes 
i n to  clods if plowcd i n  vrct condition, 

To a depth of about 15 inchcs, t hc  
This gradcs in to  rcddish-brown o r  

Tho s o i l  i s  dcrivcd largcly f r a w a s h  f r o n t h c  red calcarecus 
shale, and is  i t s e l f  apparcntly somcwhzt calcarcous i n  charactcr. 

Naturally mcre f c r t i l c  than tho Popc Scrics. 

This typc i s  usually associatcd with tho Pope, cccurs i n  n a r r m  

Loss acid. 

bands along the stream, and is  subjoot t o  frcqucnt cvcrf lm.  
rc la t ivc ly  winportant  

It i s  

Occurs along s t r c m s  Tihich hnvc rocc ivcd thc i r  wash f rom Upshur 
aroas. 

SECTION I1 

SOIL9 NOT OCCURRING I N  THE REEDY CREEK SOIL EROSION CONTROL PROJECT #l3 
B-UT FOUND IX OTHER PARTS OF WEST VIRGINIA. 

I. U P W  SOILS. 

A. Lincstonc, o r  mixcd linestono, sandstono, <and shale l a d .  

The Hzgerstown s o i l s  a r c  m i n l y  s i l t  loan m d  s i l t y  clay loam, 

Thcsc a rc  dcrivcd cn t i r c ly  from limcstcnc nnd occur i n  

The topography ranges 

wi th  brwm o r  reddish-bram surfacc s o i l s ,  and rcddish-bram f r i ab lc  
clay subsoils. 
Grant, Mincrnl, Jcffcrscn, Bcrkclcy, Ehorgan, Hmpshirc, Mcnroo, and 
probably i n  Grccnbricr and Pocahontas Counties. 
f r o m  love1 t o  stccply ro l l ing  and tho crcsion i s  modoratc t o  serious. 
Thcsc s o i l s  arc considcrcd natural ly  s t rong  and prcductivc. 



Tho Frankstawn sor ics  of s o i l s  a r c  nt ll?? s i l t  lcnn an 
si l t  lo-, hzving bram t o  yollaFtish-brmm surf&o soi ls ,  undcrlgin by 
ycllowish-brown or  y o l l w  s l igh t ly  compact s i l t  lo rn  t o  silty c lay  la .  
They hr.w boon mapped i n  G r a n t ,  nEincra1, Joffcrson, Bcrkolcy, and Morgan 
Counties. EBixcd s i l iceous lincstonc and sandstono arc tho chicf m t o r i a l s  
froma which thoso s o i l s  a rc  dorivod. Tho topography ranges from gontly 
undulatiny, t o  hi l ly .  Tho s o i l s  ham a high absorflivo capaoity and t h o  
crcsion i s  nodoratc. I n  productivoncss, these s o i l s  cornpire favornbly 
u i t h  thc  Hngcrstann b o i l s ,  

Tho Fredcrick s o i l s  arc light-gray t o  ycllmish-brmm s i l t  loan, 
undcrlain by yollorr o r  reddish-yellow campact s i l t  loan o r  s i l t y  c lay 
loam, beconing rod clay i n  tho docp subsoil. Thcsc s o i l s  a r c  dorivcd 
fron ohorty or  f l i n t y  l inostonc,  and arc  found associated with tho &gors- 
torm and Frankstam s o i l s  i n  Jcfforson, Bcrkolcy, Ebrgan, and l&orccr 
Ccuntios. Tho topograpb i s  goncrally ro l l ing  and t hc  crosion i s  
nodorate t o  sovom. These arc not consfdorod t o  be quitc as productive 
as the H a g c r s t m  soils.  

ncllmr clay loam, uudcrlain by honvy rod clay. Both surfacc and subsoil 
a rc  ncllmr~?hon dry but st icky and tcnaccous vrhcnimt. 
f ron  tho wxthoring i n  plnco of mss ivc  bluo lincstonc, and is ccnfincd 
t o  tho castcrn part of t hc  Shonnndoah Vallcy i n  Joffcrson CounQr. Tho 
topography i s  tmlling, erosion i s  ncdcrato, and tho s o i l  is considcrod 
t o  bc vcry productive. 

Thc surfacc s o i l  of tho Dccntur c lay  loam i s  r cd  t o  reddish-bram - 
It fs dcrivod 

B. Sandstone and shalo land. 

Tho - Tils i t  sorios of s o i l s  kvc grayish-brmn t o  yollmdsh-brmm 
s i l t  loan and vcry finc sandy loan surfacc s o i l s ,  and b r m i s h - y o l l m  
heavy s i l t  1- o r  s i lky  clay l o w  subsoils. 
t ions  i n  abmdanco in tho subsoi lbc lov  15 inohos am chcxaatcrist ic of  
thc scrics.  
clay lorn. 
Tho topeganply i s  w o o t h  t o  undulating and tho  crcsioii ncdcratc t o  sovcro. 
Thcsc arc natural ly  poor and unproductivo soi ls .  

Soft rust-bronu i ron  concrc- 

Tho docp subsoil i s  nottlcd b r a m  nnd gray, conpact s i l t y  
Thcsc so i l s  m r c  inppod in Mcrccr, Eonrcc, and S m c r s  Counties. 

Tho Bcrks scr ics  of s o i l s  inoludcs t h o  shalo lcan and s i l t  lcan 
Thc m c o  s o i l s  a r c  g n y i s h  o r  yollmrish-bram si l t  loam con- typos. 

taining varying quantit ies of p r t i a l l y  disintogmtod shalo. Thc subsoil 
i s  l i g h t  ycllarish-bram or yollar,  f r i a b l c  and s l igh t ly  compact s i l t  
loom. 
burg shalc and arc found m i n l y  i n  Joffcrscn, Borkelcy, and Zlorgan 
Ccuntics. The topography i s  smockhly ro l l ing  and tho s o i l  i s  nodcratoly 
crodod. In preductiwmss, it rmgcs f r cn  f a i r  t c  poor. 

Them s o i l s  arc dcrivcd from thc rrccthcring i n  plaoc o f  Elartins- 

2. S t r c m  Terrace Soi ls  

Soi ls  of t ho  Moncngahola scr ics  consis t  of s i l t  lorn and finc 



sandy loan  typcs. 
and t h c  subsoils arc l i g h t  ycllavish-brmm t o  pa10 yellow. 
tho subsoil  rangcs i n t o  mottled yollovr, gray and rust-brouni mtcrial of 
nuch hcavicr tcxturc  than t h e  surfacc s o i l .  
o r  bcnchcs a t  ccnsiderablc clovaticn above the f i r s t  bot tom bordcring 
tho  s t roam. Thc topography i s  ncarly love1 t o  gently rol l ing,  and tho 
crcsion s l i g h t  t o  nodcratc. Thc natural  prcductivoncss i s  fair. These 
s o i l s  horn, bccn mppcd in  k n p s h i r c ,  Monroe, and Summrs Ccuntics. 

The surfacc s o i l s  arc grayish-bra%% o r  light-brmm 
In a l l  %pCs, 

Thcsc s o i l s  occupy t e r r a c c s  

Tho s o i l s  of  tho Whocling s e r i e s  includc the  fallorring types: 
gravclly loan, sandy 10x1, f inc  sand, f i n e  sandy loam, s i l t  lonm, and 
s i l t y  clay loam. 
and the  subsoils a r c  ye l lowish-bramtu  yellow. A l l  typcs a r c  ccnpact 
but  f r i a b l c  i n  the  subsoi l ,  and frcquently bcds of  gravel arc cncountcrcd. 
Thcsc s o i l s  cccur as sccond and t h i r d  bcttctis, o r  t c r races ,  bordcring tho 
Ohio River whercvcr it contacts t h c  s t a t e .  Tho inaterial  is l a rgc ly  derivcd. 
f r c n  wash f r c n  t h e  g l a c i a l  s o i l s  a t  thc  headwaters o f  thc  r ivcr .  Thc t o -  
pography i s  l c v e l  t o  s l i g h t l y  rol l ing,  crcsicn i s  s l i g h t ,  and thc land i s  
considcrcd mluablc  f o r  gcncral and t r u c k  crops. 

Tho surfacc s o i l s  a r c  generally light-brown t o  brom, 

Thc Elk s c r i c s  h v c  surfacc s o i l s  of light-brmm o r  ycllcwish- 
brmm s i l t  loam o r  loan of f r i a b l e  and ncllmf s t ructurc ,  undcrlain by 
ycllcvr, f r i a b l c  s i l t  l o r n  t o  s i l t y  clay loam, varying t o  sandy 10m and 
gravclly lcarn i n  t h c  d i f f c r c n t  typcs. 
frequontly CI par t  of the subsoil  i s  of r c s i d m l  origin. 
mppcd i n  Mcncngalla County, p r inc ipa l ly  i n  tho. Ifonongeela River Valley. 
Thc topography i s  gcntly r o l l i n g  and tho crosion i s  s l igh t .  
a rc  f a i r .  

Thcsc arc r i v e r  tc r raco  s o i l s  and 
It has been 

Crop y i e l d s  

3. S t r c m  Bottom, o r  Rcccnt A l luv ia l  Soi ls .  

The surfacc layer o f  t h e  Huntington s e r i e s  of s o i l s  i s  dark-brown 
m c l l a r  s i l t  l o i n  c r  loax abcut 15 inchcs thick,  undcrlain by l i g h t c r  bravn 
loan  t o  clay loan. 
f l o n ,  but  well  draincd. Thc m t c r i a l  i s  dcrivcd pr incipal ly  f r o m  wash 
f r o m  s o i l s  which a r c  derived i n  t u r n  from l incstcnc o r  mixcd l inestcnc 
and sandstone. 
This i s  ccnsidcrod onc of t h c  r ichos t  s o i l s .  

This i s  a f i r s t  bot tcn s o i l ,  subject  gcncrally to cvcr- 

The topography is usually f l a t  and t h c  erosion ncgligible.  

Tho surfacc s o i l s  of t h e  Holly s c r i c s  a r c  gray s i l t  lorn, and the  
subsoils mottled gray, ycllow, and bram hcavy s i l t  1ca~1 o r  s i l t y  c lay  
loan.  
Thc n a t c r i a l  i s  dcrivcd fron wash from sandstcnc and shalc land. It has 
bcon mppcd i n  McDm-vcll County. Thc topography i s  lcvcl and t h c  erosion 
negligible.  
pasture, 

Thcse are f i r s t  b o t t o m  s o i l s ,  subject t o  cvcrflow and poorly drained. 

Tho s o i l  has a f a i r  produetivc capacity, most of it being i n  

Thc surfacc s o i l s  of tho Atkins s c r i e s  are dark grayish-brown 
heavy s i l t  loan,  cvcr CI subsoi l  of s t e e l  gray s i l ty  c lay  loam, ranging 
i n t o  mottled light-gray, ycllovv and rusty-brmm st icky clay, It i s  poorly 
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drainod f i rs t  bottom Soil, associatod with so i l s  dcrYwd f r m t h c  m s h  
f rom sandstone and shale matorial .  
Grant, Pllineral, Hanpshire, Barbour, Upshur, Sunmers, Monroe, Nicholas, 
Tuckor, Mercer, and Wobstor Counties. The topograpw i s  f la t  and oro- 
sion i s  nogligiblo. N o s t  of t he  type i s  i n  pasture, being t o o  poorly 
draincd t o  farm succossfully. 

These s o i l s  have becn m p p d  i n  

Other s o i l s  occurring vrithinTest Virginia, which a rc  not of 
suff ic icnt  extent o r  agr icul tural  inportance t o  warrant more than 
mention hcrc, a rc  l i s t e d  belav. 

Muck 
Dunning S i l t y  Clay Loan 

Lowcll Stony S i l t  Lorn 
Lickdale S i l t y  Clay Lorn 

L m l l  S i l t y  Clay Loam 

Q Lickdalc L o r n  

Colbort S i l t  Lorn 
Clarksvillc Gravelly S i l t  Loan 
Shclbyvillc S i l t  Loam 
Sununors Stony Lorn 
Sumncrs Lorn 
Lindside S i l t  Locm 
E l l i b e r  Gravelly Loan 
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CHAPTER V I I  

RUNOFF CONSIDERATIONS 

11% order t o  p rewnt  the washing out of cnginecring struCturcs 
it i s  neccssary t o  provide adequate s p i l l m y  capacity t o  take carc of 
tho runoff vmtcr f o r  the drainage area above the dam i n  qucsticn. Tho 
r a t e  o f  runoff f rom a drainage area dopends upon the in tcns i ty  and 
duration of the rainfall, shapc and size of tho aroa, s lope,  oharactcr 
o f  thc so i l ,  season of t he  year and type of vegctaticn covering the 
areu. 

In  a general way the in tens i ty  of prccipi ta t icn varies inverscly 
with thc  duration of t h e  dwmpour o r  i n  othcr words vcry hcaoy shmcrs do 
not l a s t  as long as rains of lcssor intcnsity.  
mximum f l o w  of runoff  imter reaching a spillway area usually occurs whon 
vmtcr f romtho most d i s tan t  point of tho drainage area reaehos tho dam 
spillway. 

Far t h i s  r cason thc  

Probably thc  most re l iab le  infornation concerning tho r u n o f f  
f r o m  agricul tural .areas  has bccn ccmpilcd by C. E. b n s c r ,  Senior 
Drainago Engincor, U. S. Dcpartmcnt of Agriculture. H i s  Runoff Chart 
f r o m  S m l l  Agricultural Arcas (bascd en a rainfall frcqucncy of 10 
ycars) givcs the maxinum r a t e  of runoff i n  cubic f o o t  pcr second t h a t  
m y  bc expected during a t en  ycar pcriod f o r  thosc arcas. This chart 
m y  be used i n  the design of d m  structurcs  o f  an cxpc tcd  l i f e  of ton  
yoars o r  less.  (Chart #4, page 38). 

The r a t c s  of runoff  f rom Rmsor's Charts are based on vmtcrshcds 
locatcd i n  the a rcs  f a l l i n g  i n  group 3. (Chart #8, page 45). 

Othor Rmser charts includcd i n  t h i s  Handbook f o r  use i n  structure 
design arc:  Runoff from h r g c  Agricultural Areas, Chart #5, p g c  39,(10 
y o 0  frequency) and Runoff f ro in  Large Agricultural Areas, Chart #6, page 
40, (50 ycar froquency. 
i n  50 yoars should be usod i n  the dcsign of  dan s t ructures  of a p c m n c n t  
mturc.  

The curvos based on a r a i n f a l l  frequency once 

I n  Computing runoff f o r  vmtcrsheds i n  West Virginia it should bo 
kept i n  mind that much of the land has been cleared, i s  vcry steep, and 
has frcqucntly bcen s o  heavily pastured as t o  be almost en t i rc ly  denuded 
of vegotntion. Thcsc conditions a l l  contribute t c m r d  a very high ra te  
of rmoff. Thc shapc of a uratcrshcd a l s o  materially a f f cc t s  t hc  runoff. 
Undcr ordinary conditions we can assumc t h a t  thc charts by Ramser included 
hcreunder are of suf f ic ien t  accuracy i n  computing runoff f o r  snall areas 
whcroin temporary check d a m  are  boing placed i n  crosicn control. Wherc 
morc pcrmancnt s t ructurcs  are  t o  bc placed and whore thc  wrrtcrshod i s  
lxrge  it i s  rcccnmendcd t h a t  thc  ra t iona l  method of computing runoff  be 
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usod. 
specif ic  a l l a m c e s  which are subject t o  analysis, moasurencnt, and 
e s t imto .  
the r a in fa l l  and runoff  expressed by the  formula, 

This nethod onablcs the onginecr t o  apply judgment d i roe t ly  t o  

The r a t i o n a l  nefhod is based en the  d i roc t  re la t ion  bctwcen 

Q a c i A  
Q = runoff in c.f.8. fron tho area 
c E r a t i o  of runoff t o  r a i n f a l l  
i I in tcns i ty  of r a in fa l l  i n  0.f.s. per acre (appreximtcly the 

A I drainage area i n  acres. 

whcro 

equivalent of inches of ra in  per hour) 

Of those factors ,  A can be measured d i rec t ly  b u t t h e  others must be 
estimated. 
f a l l  and on t h e  t i n e  it takes t o  es tabl ish runoffmnd f l o w  f rom the  
nost d is tan t  point in tho area t o  t he  place for  which the runoff i s  
being conputod. 
of r a i n f a l l  l as t ing  f o r  t h a t  tine. A study can be mde  of tho t i n e  
frequency curves a8 indicated on Chart #7, pnge &?, which rms conpiled 
from data collected a t  hrkcrsburg, Wost Virginia. 
sMlar c-s m y  be devcleped f o r  loca l  areas. 
a period of at  l e a s t  20 consecutive yoars t o  be of nuch value. Once 
the curvos f o r  in tens i ty  of rainfall a re  available, an o s t i m t e  of the 
t i n o  r equ i rod to  cs tab l i sh  runoff nust be mde i n  order t o  arr ivo a t  
tho greatest  in tens i ty  of r a in fa l l  l as t ing  over t h a t  kine. 
should be based on a v m l l  developed and carcful ly  considered plan. All 
assumptions of neccssity nust be on t h e  consomt ivo  side. 

c- mtio of runoff t o  r a i n f a l l  - must bo determined from a 

i deponds on the  c m s  dcvolopcd f o r  in tens i ty  of rain- - 
Provision must bo mde for  tho greatest  in tens i ty  

If data be available 
Such data should cover 

The estimate 

study of s o i l ,  chamcter of the surface, vogctotion, slope, and 
probable futuro developents. 
be grouped under two mjor heads: 

1. Precipitation 
2. Watershed character is t ics  

Tho faotors affecting runoff can w e l l  

The e f fec t  of precipi ta t ion on runoff i s  nuch eas ie r  t o  wnluatc,  other 
things m i n i n g  constant. We know t h a t  tho coeff ic ient  of rn in fa l l  
d i s t r ibu t ion  may doviate great ly  from unity in largo aroas. Here vm 
a re  on tho  safo side by assuning maximun o r  near naxinm precipi ta t ion 
cvcr tho ontiro vatorshed. 

I n  considering mtorshed charaotor is t ics  it i s  vvoll t o  consider 

It i s  almest inpossiblo t o  rankthon i n  order of  t ho i r  importance. 
t h a t  some fac tors  tend t o  hasten and o thers  t o  re ta rd  tho f l a v  of tho 
w.tor. 
Tho nore import& character is t ics  w i l l  be onuneratod as far as thoy 
pertain t o  drainage sheds feeding tho s t r eam on which work nay be donc. 

crost  slowly and subside sla7ly. The reverse is t rue  f o r  small mtershcds, 
(a) Size of mtorshed - On large watershods floods roach t h e i r  
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as  intense precipi ta t ion occurs over small areas only. 
may consist en t i re ly  of steep slopes and impervious s o i l ,  causing most o f  
the precipi ta t ion t o  pun of f  over the  surface w i t h  resul tant  high concen- 
t r a t i o n  of flow. 
high where intense precipi ta t ion ooours. 

S iml l  watersheds 

The r a t i o  of runoff t o  r a in fa l l  w i l l  generally a lso be 

(b) Shape of watershed - shape of watershed af fec ts  r a t e  of 
r u a o f f  ra ther  than ra t io ,  though both are  affected. 
drainage area i s  l ike ly  t o  have a lower ra te  of runoff than one which 
i s  more compact. 
of small flood crests.  
covered by intense precipi ta t ion a t  one time, which tends t o  keep down 
f l o o d s .  

A long narrow 

The t r ibu ta r i e s  w i l l  feed the main stream i n  a ser ies  
Generally the  long watershed wi l l  not be en t i re ly  

I n  the more compact watershed the t r i bu ta r i e s  w i l l  feed t h e i r  
crests  in to  the main stream a t  more nearly the same time and they are  
also more apt  t o  be covered en t i re ly  by intense precipi ta t ion a t  one 
time. I t  can fur ther  be s ta ted t h a t  the r a t i o  of runoff t o  r a in fa l l  
w i l l  be higher under such oonditions. 

(c)  
e f f ec t  upon both ra te  and q’Jantity of runoff. A loose s o i l  o f  sand, 
gravel, o r  loam w i l l  absorb a large proportion of t h e  precipitation. 
Uore impervious s o i l s  l i ke  clay o r  even rock w i l l  have a very high runoff. 

Geology of watershed - the  nature of the s o i l  has mrked 

( d )  Topography of watershed - it can generally be said t h a t  the 
greater the slope the greater the amount of runoff. Watersheds with 
steeply ro l l i ng  slopes w i l l  produce more frequent and greater  f l o o d s  
than the more level  areas. 
affected by topography. 

Both ra te  and quantity of runoff are  v i t a l l y  

( c )  Vegetation on watershed - vegetation increases percolaticn 
Opportunity by opening up the s o i l  and by retarding velocity of t h e  
surface f l a r .  These factors  tend t o  decrease the r a t e  and quantity of  
runoff.  
duration. After the ground has become well soaked o r  packed, however, 
vegetation does not exer t  s o  great an influence a s  i s  often thought. 
It w i l l  s t i l l  continue t o  a id  i n  proventing gully and sheet erosion but  
the quantity of runoff will not be so  materially affected. 

Such i s  especially t rue  f o r  storms of comparatively short  

( f )  Cultivation and a r t i f i c i a l  struotures - it i s  known t h a t  
runoff from a cultivated f i e l d  on which the top  s o i l  has been well 
loosened and on which farming has been done along contours i s  frequently 
less  than from an uncultivated f i e l d  because the  loose s o i l  par t ic les  tend 
t o  re ta in  moisture. 
becomes exhausted and where farming operations are  s o  carr ied on as t o  in- 
duce erosion. 

Such i s  not  t rue,  however, a f t e r  the humus i n  the s o i l  
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Any fair sized reservoir cr pool created by a dam w i l l  tend t o  
re tard runoff f o r  ra ins  of short duration. Once a reservoir has been 
f i l l e d  it w i l l  no longer equalize flood-crests. 

It should be kept i n  mind f o r  the ra t iona l  method of computing 

Too l i t t l e  as ye t  i s  
runoff that f a i r l y  accurate resu l t s  cannot be obtained therefrom when 
extremely large watersheds are  being considered. 
known of the various runoff fac tors  as applicable t o  extensive areas. 

A word should also be said regarding future runoff. 
en t i re ly  possible t h a t  within a year, o r  two years, a watershed may 
have i t s  surface covering changed from oorn t o  close growing clover. 
Provision i n  design should be made f o r  such poss ib i l i t i e s  t o  warrant 
future success. 
design work on watersheds the s iee  of the watershed should be kept i n  
mind t o  a s s i s t  i n  determining the character of storms, 
t a t ions  las t ing  for  less  than a day are worthy of consideration on water- 
sheds under 125 square miles. 
ing f o r  several days are  the more disastrous. Where no information of  
any kind i s  available the engineer must resor t  t o  high water marks or  
t o  a careful study of storms over similar watersheds. If such be done 
it i s  important t h a t  these watersheds be located as nearly a s  possible 
i n  areas huving similar r a i n f a l l  in tens i t ies .  
under group three. 

It i s  

Nhen examining r a in fa l l  curves i n  connection with 

Intense precipi- 

On larger drainage areas the storms las t -  

West Virginia would f a l l  
(Chart #8, page 45). 

Mr. Rumser makes the following recommendations i n  regard t o  t he  
watershed survey preliminary t o  using h i s  charts: 

"A reconnaissance survey should be made of t he  watershed t o  
determine whether it should be olassif ied a s  ro l l ing  o r  h i l l y ,  t o  
determine approximute acreage of cult ivated,  pasture, and timber lands, 
and t o  determine the size of the watershed area i n  acres. The growing 
tendency i s  t o  place more land i n  pasture or timber s o  t h a t  ordinar i ly  
it would be safe t o  assume t h a t  the proportion of  pasture and timber 
area would not be reduced. 
t h a t  it i s  the intent ion t o  clear f o r  cul t ivat ion t o  pasture or  t o  u t i l i z e  
as  timber land, then proper oonsideration should be given t h i s  matter i n  
classifying the lands of the wutcrshed. 

Rowever, if def in i te  information i s  available 

"The area of the watershed can often be closely determined from 
Where the location of  land l ines  and by pacing any distances required. 

t h i s  i s  not possible, the area can be determined approximately by a 
compass traverse,  using the pacing method t o  obtain distances. The 
traverse should be plotted with a protractor and the area computed with 
a planimeter. 
survey can be mde  f o r  a small watershed beoause the bearings and 
distance t o  points on the boundaries of the intershed area can be 
determined from one location of the t ransi t ."  

?here a t r a n s i t  i s  available, a quick stadia t raverse  
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Very frequentljr  on a small watershed it w i l l  be poss ib le  t o  make 
a incntal es t imate  as t o  ex ten t  of a r ea .  Where t h e  a r e a  covers about 
1 t o  5 aores  it should be poss ib le  t o  es t imate  t h e  acreage t o  wi th in  10% 
of t he  exact  value which i s  c lose  enough f o r  ordinary purpose. 
suoh a r e  ava i lab le ,  use should be mde of e x i s t i n g  maps and prev%ous 
surveys. 

Xherc 

These w i l l  o f t en  save a g r e a t  dea l  of f i e l d  work. 

I n  a l l  watershed surveys it i s  importni t  that t h e  e n t i r e  nrca 
be covered i n  order t h a t  t h e  topography become. familiar t o  t h e  survoyor. 
U h r e  es t imates  a r e  mado of very smallxmtershods on s t eep  s lopes it i s  
s\rggcsted t h a t  tho a c t u a l  surface on t h e  slope be usod r a t h e r  t han  the  
horizo,ntal  p ro j ec t ion  of t h e  s m o  .>re-. 
ham a conservative w l u o  on which t o  bnsc runoff. 

L3y doing t h i s  t h e  engineer Nil1 
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C&W!ER VIII 

HYDRAULICS 

T o  properly design e ros ion  e c n t r c l  s t r u c t u r c s  a riorking bmi lcdge  
of t h c  theory  and p rac t i ec  o f  hydraul ics  i s  r c q u i h l .  
p l e s  a r c  used i n  conputing t h e  runoff water  fron drainage a rcas ,  designin& 
t h e  weir nctchcs i n  dan s t ruc tu rcs ,  con put in^ t h e  proper s i z e s  f o r  di-  
vers ion  d i t c h  channcls and c u t l c t s ,  and i n  designing adequate t e r r a c e s  
wi th  c u t l c t  channels s u f f i c i e n t  t o  ca r ry  mximun runoff.  

Hydraulic pr inc i -  

M r .  H. L. Cock, Hyc??aulie Engincer, S o i l  Conservation Scr”iCe, 

These d i ag ram a r e  included as p a r t  of 
has developed a very ccnplcte  s e t  of d i a g r a m  f o r  usc i n  hydraul ic  design 
o f  c r c s ion  con t ro l  s t ruc tu rcs .  
t h i s  handbook and nay bc used i n  des ign  problem. Thc uses  of M r .  Cook’s 
diagrams a r o  explained by h i n  on p a p s  47 t o  51 inc lus ive .  Hasevcr, t o  
f a c i l i t a t e  t h o i r  use i n  t h e  f i e l d ,  type p rob lem m i l l  bo assumed and 
workcd out according t o  M r .  Cook’s diaprans and in s t ruc t ions .  Thcsc 
type problem f o l l m r  Mr. Cook’s d iscuss ion  and a r e  found on pages 51 t o  
54 and 71 t o  73 inclusive.  

USE OF D I L G R i S  I N  :aD%XILIC DESIGN 

J. 
Those d i a g r m s  a r c  f o r  use i n  t h o  des i sn  c f  s rml l  open channcls 

Thcy arc based upon t h o  Manning fornula:  of  t rapczoida l  cross-section. 

Each f i j y r c  i s  f o r  a sec t ion  of given side slope, thus:  

Figurc S idc  Slop0 o r  R a t t e r  

1 Vor t icu l  s ides  
2 1 t o  1 

1.5 t o  1 z 2 t o  1 

The no ta t ion  on.ployed is: 

Q = r a t e  of f low i n  cubic  f c c t  pe r  second (CFS) 
D I dcpth of vmtcr abovc bod i n  f c c t  
b wiath of bed i n  f c c t  
A : area of cross-sect ion of rmtcr  i n  square f e c t  
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R - hydraulic radius  o r  A divided by "wetted perimeter": f e e t  
Sb: slope of channel bed 
n s value of "roughmss coeff ic ient"  i n  Maming formula 

(See Table 11, Page 55) 

To use any diagram proceed as follows: 

1. Having given Q, sb and n, compute t h e  quantity .* 
2. I f  a channel with a par t icu lar  bed width - depth r a t i o  i s  de- 

s i red,  f i n d  the intersect ions of a v e r t i c a l  l i n e  through t h e  chosen b/D 
with a horizontal  l i n e  through t h e  computed vnlue of n Q  . The 

n u d e r  on the  curve lying nearest  t h i s  in te rsec t ion  indicates  the  approxi- 
mate depth a t  which t h e  water w i l l  flow i n  a channel of t h e  required pre- 
portions. If desired, interpolat ion between the  curves may be used t o  
es tab l i sh  t h e  depth more closely.  

1 *486 @< 

3. I f  a channel of given depth i s  desired,  f ind  the  in te rsec t ion  
of t h e  curve marked with t h i s  depth and a horizontal  l i n e  through t h e  
value of n Q . The G l u e  of b/D v e r t i c n l l y  below t h z  in te r -  

1.486 *% 
sect ion gives the re la t ive  proportions of t h e  channel. 

Side slope 1.5 t o  1 Example: 
Q D 10 CFS, sb m .01, n E .Oh 

nQ - - 2.69 
T 
b/D (Assumed) D b 
0 1 *53 0 (Triangular sect ion)  * 
.61 1.50 .79 (Most  e f f i c i e n t  SDC.)* 

5 0.7s 3.9 
10 0.60 6.0 Wide s t  s c c t i  on) 

Anyone of t h e  chnnnels described above w i l l  ca r ry  10 CFS. The final 
choice of  dimensions would be based upon attendant circumstances. 

To simplify t h e  computations required i n  t h e  appl icat ion of the  
diagrams, Table 111, Page 56, giving vnlues of the  quantity 1.4861/sE;, mqy 
bc used. 

It  i s  roccmended t h a t  channels designed f o r  f lood flews be 
proprrtioned s o  t h a t  b/D docs not exceed 10, 

*These sections t o  be used only where channel i s  lined. 
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Figures 2-11, 3 4 ,  L-A, pages 60, 62, 64 

From those diagrams may be obtained t h e  cross-sect ional  areas of 
t h o  channels designed by use of Figures  2, 3 md 4, pages 59, 61 and 63. 

It i s  iiccessary t o  have these  areas t o  compute t h e  ve loc i ty ,  V, 
t h a t  w i l l  e x i s t  i n  t h e  designed channel. V i s  e a s i l y  computed from 

v = Q ~ A  

Each a r e a  diagram irmediately follows t h e  design diagram f o r  
t h e  samo s ide  slopes.  
omitted, s ince t h e  area i s  simply computed f rom A :bD. 

r i p r e  7, page 65 

An area  diagram f o r  rec tangular  channels i s  

_. 

This diagram provides approximate values of t h e  weir  coe f f i c i en t ,  
C ,  f o r  rec tangular  weirs  havk-g broad, l e v e l  c r e s t s .  The s tandard fornu- 
l a  usod t o  ca l cu la t e  t h e  discharge of such wei rs  i s  

0 
3 

Q : C L H F  

i n  which 

H 6 head oil c r e s t  of weir ,  i n  foo t ,  mcasurcd about 6 feet  

J2 i: le-.gth of c r e s t  of weir  i n  f e o t  
B r breadth  o f  o r e s t  of woir i n  f e e t  

The diagram should bc used only f o r  heads g r e a t e r  t han  0.5 f e e t .  

If t h e  des i red  U and B f o r  use i n  design are known, t h o  r a t i o  
;1/B i s  computed and t h e  di icram entered t o  f ind C without f u r t h e r  e f f o r t .  
If H i s  unknown it i s  necessary t o  onploy a process  of “out and try”. 
For t h e  f i rs t  t r i a l  a t e n t a t i v e  r a t i o  i s  e s t i m t o d  nnd C takon Prom t h e  
diagram. 
chosen C i s  found and the  value of H/B rocmputed. With this  cor rec ted  
r a t i o  Figure 7, page 65, i s  again entored and C redetemxined. 
cr t h r e e  t r i a l s  Fi and C nay bo brodght i n t o  s u f f i c i e n t l y  c loso  agreement. 

Figuro 3, p”ge 66 

upstream 

0 
Using Figure 9, p g e  67, tho  value of  H corresponding t o  t h e  

After t x o  

The values of C given by t h i s  diagram a r e  t o  be used only f o r  
rectangular  notches or?. t h e  c r e s t s  of v e r t i c a l  f a l l s .  The values  of C 
given by t h o  diagram a r e  consormt ive ,  t h a t  is, s l i g h t l y  smller than  
these  t ha t  would probably be found by experiment. 
m l u e s  of H g rea t e r  than 0.5 f ee t .  

They apply only f o r  

Thc manner of using t h i s  diagram i s  obvious. I n  design it i s  
o f t en  nccesscry t o  proceed by ”cut  and t r y ”  i n  a mannor somewhat similar 
t o  that described i n  discussing Figure 7. 
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Figure 9 page 67 

Diagrams of t h i s  nature  are called alignment cha r t s  or nomcgraphs. 
They a re  used as follows: 

Having g i m n  two of t h e  m r i a b l e s ,  they a r e  loca ted  on t h e i r  
respec t ive  axes and a s t r a i g h t  odge passed threugn Yflem; t h e  
value of th6  unknovm var iab le  i s  read a t  t h e  i n t e r s e c t i o n  of 
t h e  s t r a i g h t  edge wi th  t h e  t h i r d  axis. 

Figure 9 i s  used f o r  t h e  so lu t ion  of t h e  equation 
3 

where 41 reprcsonts  t i e  discharge of a rec tangular  wei r  pe r  f o o t  
of weir c r e s t .  
dccidc upon t h o  proper m l u e  of C and determine I' from t h e  chart .  
T o  determine L it i s  b a s t  t o  proceed by trial, assuming seve ra l  
values o f  L and f ind ing  t h e  values of H corresponding t o  each. 
The des i r ed  combination of B and L may bo found by in t e rpo la t ing  
between thcso  t r i a l  values. It should be  remerhored t h a t  

-- ? = cH ?? 
T o  use t h e  diagram divide Q by L t o  f i n d  Ql, 

L : Q/Ql 

Figure 10 prrge 6s 

This i s  'an alignment cha r t  f o r  t h e  so lu t ion  of t h e  cqaat ion 
3 

Q : 3.33 LH 

When t h e  weir  c o e f f i c i e n t  C i s  i n  t h e  neighborhood of 3.33 t h i s  
diagran aily bc used t o  find L o r  H d i r c c t l y ,  and without  recourse 

s ign  and i n  f indlnE t e n t a t i v e  values of  E and L wi th  which t o  e n t e r  
Figure 9. 

t o  Figure 9, p&gc 67. m l he  c h a r t  i s  o l s o  useful i n  prcliminary dad 

Figures 15 a i d  16 pagt3s 69 a!id 70 

0;: thcso diagrmas a r e  curvcs giving values of t h e  c u l v e r t  ce- 
e f f i c i e n t  C i n  t hc  f o m u l a  

g: C & G  0 

ii suf f ic ien t  nunber of curves a r e  given t o  c o o n  t h e  types  of  cu lve r t s  
i n  ordinary use. 

Vducs of C t aken  f r o n t h e s o  diagrams should be used only f o r  
C subnergcd cu lver t s ,  t h a t  is, f o r  cu lve r t s  operat ing wi th  bo th  ends under 

0 
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0 

8 

0 

1. Compute nQ (Table 111 may be used) Page 56. 

2. If a channel with a p a r t i c u l a r  "bed width t o  depth" r a t i o  
(b/D) i s  des i r ed ,  f ind t h e  i n t e r s e c t i o n s  of a v e r t i c a l  l i n e  through t h e  
chosen b/D wi th  ho r i zon ta l  l i n e  through t h o  computed value of -n Q imqprs;; 
The number on t h e  curve ly ing  nea res t  t h i s  i n t e r s e c t i o n  i n d i c a t e s  t h e  ' 
approximate depth a t  which t h e  water  w i l l  flow i n  a channel of t h e  re- 
quired proportions.  

3 ,  If a channel of given depth i s  desired,  f i n d  t h e  i n t e r s e c t i o n  
of t h e  curve marked with t h i s  depth and a ho r i zon ta l  l i n e  through t h e  
value of nQ . The mlue of b/D v e r t i c a l l y  below t h e  i n t e r s e c t i o n  

gives t h e  r e l a t i v e  proport ions of t h e  channel. 
-6 

4. After  a b/D value i s  decided upon, t h e  a r e a  of t h e  channel 
m y  be dotermined f r o m  t h e  a rea  diagram f e l l o v i n g  t h e  dimension diagram 
f o r  t h e  var ious  s ide  s lopes .  

5. Divide t h o  discharge by t h e  c ros s  s e c t i o n a l  a r e a  t o  determine 
t h e  ve loc i ty .  V s 2 

A 

Computations f o r  Type Problem No. 1 are given below: 

4 = 10 (Ramscr's Chart No. 4, page 38)  

n 3 .Oh (Table 11, Page 55) 

s b  D -014 (assumed) 

nQ m .Oh x 10 = 2.28 (use Table I11 Page 56). 
1.4866 -1758 

Veloci ty  - b/D D b Cross Sec t ion  Area* 

1 1.13 1.13 2.6 3 -85 
2 *96 1.92 3 -2 3-13 

-85 2.55 3.3 7 -03 ; .78 2-34 3.3 3.03 

*Figure 3-A page 62. 

Any of t h e  above channels will czrry 10 cubic f e e t  per sccond. 
0 

The f i n a l  choicc of dimensions will depend upon f i e l d  condi t ions.  
ever,  a 'depth r a t i o  b/D of 2 o r  3 should prom s a t i s f a c t o r y  under ordinary 
conditions.  

I Im-  
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TYPE F'ROBLE3ii NO. 2 

DESIGiq OF A TERR'iCE OUTLET CWNNEL 

STEPS I N  THE DESIGN 

Dctcnxinc thc drainage arca of the  terraces  ci?ptyin.s in to  t h c  cu t l e t  
c:mnnC: 1 * 

Dctcn;inc thc  mxinuu r a t e  of runoff f r cn  tho arca l i kc ly  t o  occur 
during a ' t c n  ycar period by tho usc of tho sui tablc  Rcunscr 10 ycar 
frcqucncy Runoff Charts (Chart #4 c r  #5D k g c s  38 and 39). 

D o s i p  a c:hznncl of suff ic icnt  capacity t o  pass t h i s  r a t c  of runoff 
vhen the chLmncl l ining has a t ta ined i t s  u l t i w t c  condition, by the 
usc of Nr. Cook's tables  f o r  cpcn channcl d c s i p .  This design will 
be similar t o  type problcn No. 1 with the  exccpticn that a h i  .hcr 
b/D mluc  nay bc used. It i s  rccormcndcd t h a t  t h o  mxinu~ bb mluc  
uscd docs no t  cxcccd a m l u c  of 10. 

Dctcminc thc velocity o f  flow that w i l l  e x i s t  i n  tho c h m c l  so 
designed by the  usc of the propcr Cook table .  
found t o  cxccod 5 f c c t  pcr second f o r  channels pretccted by vcgctaticn 
o r  3 f ec t  pcr scccnd f o r  unvcgctatcd channels investigate tho possi- 
b i l i t y  of broadening the channel t o  reducc tho velocity t o  an a l lamble  
fizurc. Hcvrcvcr, the  maxinuci b/D value should gcncrally not cxcccd 10. 

In  case nc. fcasiblo brcadcning of t he  channcl vil l  bring about 
suf f ic icn t  vcloeity reduction, pcmancnt prctcction of the  channel 
nust bc prcvidcd by sui table  structurcs.  

If pcmaxcnt prctccticn i s  not  rcquircd a f t e r  the  channcl has rcachcd 
i t s  u l t i m t c  ccnc!ition a study should bc mdc t o  d c t c d n e  the  mxinm 
vclocity t h a t  could c x i s t  rrhcn the channcl i s  new o r  i n  such condition 
as vrculd cause tho flcvrinfi water t o  a t t a i n  i t s  imximum velocity.  

If thc  velocity i n  6 above i s  found t o  cxcccd 3 f c c t  pcr second, 
sui table  temporary s t ructures  should be provided t o  prctcct  the  
channcl f r o n  cxccssivc erosion u n t i l  it has soddcd over, 

I f  thc veloci ty  i s  

Exaple:  

Rollins c u l t i m t c d  land 

Drainagc area I 12 acres 

Referring t o  Rcascr's Chart No. 4, page 38D we f ind  t h e  prcbablc 

0 
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mxinm r w c f f  t o  be  cxpcctcd cvcr a t en  yeir period t o  be 55 
cubic  f c c t  per scccnd. 

Slope sb 

n I -04 (Tablc 11, Pago 55) 

Ditch s idcs  s lopes l* t o  1 

- .04 (4 fcct i n  100) 

b/D D b Cross Sec t ion  Area* Vclcc i ty  

2 1.5 3 *O  
a 1 .o 8.0 
10 0 -9 9.0 

*Figure 3 4 ,  P a p  62. 

8 
9 -5 
9.4 

6 s 9  
5 08 
5.9 

I n  t h e  abom ccnputc.ticns a b/D m l u c  of 2 m s  f i r s t  used. This 
The channel was thcli  vride:ied t o  gavc a ve loc i ty  of 6.9 f c c t  por scce:?d. 

a b/il value of 8 a i d  10. 
t i c s  t o  5.8 and 5.9 f c c t  pcr second rcspcct ively.  
no t  rcduccd bclow 5 f c c t  pcr second, permanent p r c t e a t i e n  or" t h e  chmnel 
must be provided by n c m ~ s  of s u i t c b l c  s t ruc tures .  

The widening of t he  chamicl rcduccd tho  vc lec i -  
Sincc t h e  -mlcc i ty  m s  

0 
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COEFFICIENT n IM TKE MANWING FORKfi 

Dcscription of C h a m 1  LiniIly, Valuc of n 
I 

LINED CNELS 

UNLINED CHBNNELS IB EAXCR 

In cxccllcnt condition; no weeds c r  debris - - - - - - - .02 
Ordinary condition; lou vegctatior, or gavel - - - - - - .03 
Poor con6ition; wcccls, t a l l  p a s s c s  or rough botton - - .Oh 
Vcry poor condition; chokod by vfccds o r  ~~Sillows - - - - *05 

0 
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TABLE I11 

0 

0 

Slope 

.0005 

.0015 

m 2 5  
.0030 
m 3 5  
.OOhO 
. a 5  
.0050 
.0055 
,0060 
.006 
-0070 
-0075 
.ooao 
-0085 
.ow0 
*OW5 
,010 
,011 
.012 
,013 

.015 

eO17 

019 
.020 
eO25 
,030 
.035 
040 

.045 
,050 
.055 
.060 
.a65 

sb 

,0010 

,0020 

- 

,014 

,016 

.om 

.070 
d75 

.090 

.10 
4 
.12 
-13 
.14 
15 
.16 
J 7  

.19 

.20 

.oao 

.la 

0.05 
0.10 
0.15 
0.20 
0.25 
0.30 
0.35 
0 &O 
0 *45 
0 -50 
0-55 
0.60 
0 .6  
0.70 
0 a 7 5  
0.80 
0 . ~ 5  
0 8 0  
0.95 
1.00 
1.10 
1.20 
1-70 
1 .LO 
1.50 
1.60 
1.70 
1.80 
1.90 
2 .oo 
2.50 
3.00 
3 a50 
4.00 
4-50 
5.00 
5.50 
6.00 
6.50 
7 
7.50 a .oo 
9.00 

10 .oo 
11 .oo 
12.00 
13 .oo 
14.00 
15.00 
16.00 
17.00 
18.00 
19.00 
20.00 
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TABLE VIII 

0 

0 

- 
Ticlluc 

11 

0 0.00 2.54 3.59 lc.39 5-07 5.67 6.21 6.71 7.17 7.61 

9f .o .1 .2 -3 *4 -5 .6 -7 .8 .9 

1 8.02 8.41 a.79 9.14 9.49 9.82 10.1~~ 10.1~6 10.76 11.05 

2 11.34 11.62 11.90 12.16 12.42 12.68 12.93 13.18 13&2 13.66 

3 13.69 4 - 1 2  14-35 3-4-57 14.79 15.00 15.22 15A.3 15-67 15-84 

4 16.04 16.24 16.44 16.63 16.82 17.01 17.20 17.39 17.57 17.75 

5 17.93 18.11 18.29 18.46 18.63 18.81 18.98 19.15 19.31 19.48 

6 19-04 19.6’1 19.97 20.13 20.20 20.45 20.60 20.76 20.91 21.06 

7 21.22 21.37 21.52 21.67 21.61 21.96 22.11 22.26 22.40 22.54 

8 22.68 22.83 22.97 23-11 23.24 23.38 23.53 23.65 23.79 23.93 

9 24.06 24-19 24.32 24.46 24.59 24.72 24,85 24.98 25.11 25.24 

10 25.36 



DIAGRAM FOR DETERMtNtNG DIMENSIONS OF CHANNELS 
HAVING VERTICAL SIDES 



VALUE OF b/D 

DIAGRAM FOR DETERMINING DIMENSIONS OF CHANNELS 
HAWNO SIDE SLOP€S OF 1 HOR. TO 1 V€RT 



V A W E  OF % 
DIAGRAM FOR DETERMINING AREAS OF CHANNELS HAVING 

SIDE SLOPES Of 1 HOR TO 1 VERT. 



FIGURE 3 -61- .- 

V A L V E  OF 

DIAGRAM FOR DETERMINING DIMENSIONS OF CHANNELS 
HAVING S I E  SLOPES OF 1.5 HOR. TO 1 VERT 



VALUEOF % 
DIAGRAM FOR DETERMIWING AREAS OF CHANNELS HAVtNG 

SIDE SLOPES OF f% HOR. TO 1 V€RT. 
~ 

‘ 4  





VALUE OF b/o 
DIAGRAM FOR DETERMINING AREAS OF CHANNELS HAVING 

SLOE SLOPES OF 2 HOR. T O  1 VERT. 
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COEFFICIENTS FOR BROAD CRESTED WEIRS 
HAVING LEVEL CRESTS 
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VALUE OF RATIO L/W 

COEFFICIENTS FOR RECTANGULAR NOTCHES 
ON THE CREST OF A VERTICAL FALL 

-- m - ~ -  
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CHART FOR SOLUTION OF EQUATION 
Q, = CHk 
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(2.3.33 LH‘ 
Q=CFS 
L = FT. 
H= FT. 
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Q COEFFICIENTS FOR 

PIPE CULVERTS 
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-76. f/g. /6 

L,= Length OF culvert 

CULVERT DIMENSIONS 
I X I Feet 
1 x 2  
I X 3  
2 x 2  

R =  Hydraulic radius 

VALUE OF R 
.250 Feet 
-333 

3 x 5  
4 x 4  
4 x  5 
5 x  5 
5 x 6  
6 x 6  

.938 
I .oo 
1 . 1  I 
1.25 
I .36 
I .50 

COEFFICIENTS FOR 
CONCRETE BOX CULVERTS 
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DESIGN OF T E I R  NOTCEiES I N  DiAB: 
3 

Tho standard rcctangular weir fornula Q : CLH 2 m y  bc uscd i n  
t h e  design of vrcir notches f o r  d m  structures.  

Q = Discharge i n  cubic f o o t  per second. 

C i Coefficient of discharge usually varying frcm 2.5 t o  3.5 

L Lcn;;th of the  c r e s t  o f  the  weir i n  fect .  

H = head of c ros t  of wcir i n  f e e t  masured a b o u t  6 f o o t  upstrenil. 

The l o g  and stcnc d m s  as used on t h i s  pro jec t  Five rcct ingular  
rrcir nctchcs. 
ir. tho f o m  of a catcnary. 
b u i l t  with thc  curwd wcir. 

The brush, wirc, and stckc d a m  havo curved weirs sonewhat 
In mny instances t h c  locsc rock d m  i s  being 

Type problcns f o r  both typos of wcir notches a r e  given bclcw. 

TYPE PROBLEM NO. 3 

DESIGN OF A RECTANGiTLilB WEIR NOTCH 

Given a discharzc of 10 cubic f e c t  per second assme a t r i a l  value 
of C = 3.0; a s s m ~ o  an H o f  1.2 f e c t  using Figure 9, page 67. 

Pass ,o. s t r a i g h t  edgo thrcugh in H of 1.2 f c c t  and a value C o f  
Bend tho discharge per f o o t  of weir width wherc t h e  s t r a i g h t  edge 

I n  t h i s  case thc  d i s c h a g c  i s  4 cubic f a c t  
3.0. 
crcsses the  discharge l inc.  
pcr sccond. 
10 * 4 2.5 fee t .  

Divide 10 by 4 to c o t  the t c n t a t i v c  lcngth o f  tho  weir. 

A correct  rmluo of C my n m  be BctcriCned by usin-, Figuro.7, 
pagc 65, ki<, t h e  weir nctch rcdesigncd t o  f i t  t h e  m l u c  of C. 
t o  usc Figurc 7 it i s  mccssary t o  !mew t h e  breadth of thc  weir c r c s t  'lBIr 

m r l  s h a p  of the weir crcst .  

I n  ordcr  

iissuxin; 3 ro-md ccrncr and a breadth of 1 foot  f o r  t h i s  problcn 
-iJc hevc ?. I@ r a t i o  of 1.2 t 1 o r  1.2. 

Rofcrrin;; t o  curvc I1 of  Fipurc 7, page 65, r.re f i n d  t h e  correct  
valuo of t h e  ccef f ic icn t  C t o  be 3.2. 

Again using Figure 9 ,  page 67, with the exact value o f  C wo f ind 
tho discharge per f o o t  of crcst t o  bc 4.4 cubic feet pcr second. Dividing 
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cur given discharge of 10 cubic f e e t  per second by 4.4 gives a length  of 
c r e s t  of 2.27 f ec t .  

Thus a wcir notch 1.2 f e e t  high by 2.27 f e e t  long will handle 1. 
d.ischarge of 10 cubic f e e t  p e r  second. 

TYF% BROELEX 30. 4 
DESIGIi OF A CURVED TEEIR NOTCII AS USED OW W R 8 ,  STBEB, 

BRUSH AND ROCK DAMS 

No absolute  f o r m l a  f o r  t h e  discharge of curved wei r  notches of 
t h c  c- tenwy tlypc i s  amilable  f o r  us0 a t  t h e  present  time. 
e x p c r i m x t a l  d a t a  is ava i l ab le  t h e  curved we i r  notches w i l l  be designed 
by t h e  approximate method t h a t  i s  used on Fro jeo t  No. q., Zanesvi l lc ,  Ohio. 

Until 

Their method i s  t o  rnultiply the  cstimated discharge by l* and t o  
use t h i s  m l u e  of discharge! f o r  computing the  width and depth a t  t h e  cen te r  
pain% by mems of Figure 9, page 67. A value of "C" of 2.5 i s  t o  bc used. 

Stops In T ~ D  Dcsign 

1. Estimate tho  probable mxi ixm runoff  f r o a  t h e  drainage area 
abovo thc  dam by the  use of Ramscr's 10 year  frequenoy rwioff cha r t ,  
(Chart 4, p&ge 3 8 ) ,  aad olul t iply t h a t  runoff by one and onc-half. 

2. Ey choesillg a t r i a l  value of "H" at t h e  ocntcr  po in t  of tho 
wcir  dctcrrnine the  discharge per  f o o t  o f  weir  width by t h e  use of Figure 
9, page 67. A m l u e  of "C1' of 2.5 should be used. 

3 ,  Divide the  runoff dischargo obtained i n  1. zbove by t h e  dis-  
charge per  f o o t  of w c i r  wi.dth obts ined i n  2. abovo. 

This value w i l l  give tne  length  o f  curved weir  i n  f e e t  necessary 
when the  t r i a l  m l u e  of "H" i s  used. 
use, increasc o r  decrease t h e  t r i a l  value of ''H" u n t i l  a s a t i s f a c t o r y  
lenjtth and dcpYh of wcir is obtaincd. 

i f  t h e  l eng th  i s  not s a t i s f a c t o r y  t o  

~ 

Exanplc 

Q 10 cubic f e e t  por second. Assmc a t r i a l  value of "H" of 
1.0 fee t .  

I n  Figure 9, pagc 67, pass a s t r a i g h t  edgo through a value of  "C" 
of  2.5 and a value of "H" o f  1 foot .  
a t  2.5. 

Thc straight edge c u t s  t h e  Q1 l i n o  
10 divided by 2.5 oqm.ls 4 f c c t .  



Thcrcfcrc,  with a dopth a t  t h c  ccntcr  c f  1.0 f c c t  a curocd rmir 
notch 4 f ce t  long 7,511 dischargc 10 cubic f c c t  pcr  socond. 

By usiq:  Pigure 9, p e e  67, it i s  found tha t  a curvcd vrcir 6 
f c c t  lorig with a dcpth of 9 inchcs v r i l l  a l s ~  disc ,krgc  10 cubic f c c t  pcr 
scc on+. 
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A 

LOCATING, IKPPING LXD FECORDIXG STXJCTUXES 

On0 of t h e  n o s t  inpor tnnt  d u t i c s  of t h o  cnginocr w i l l  bc  t h a t  
of loca t ing ,  s tck ing  out, and mppinr; t h e  var ious s t r u c t u r e s  t o  be 
uscd i n  c rc s ion  cont ro l .  A g r e a t  doc1 of rcconnaissanco is necessary 
t o  do t h o  job well. 
eros ion  on tho  farn be ins  surveyed, t h o  amounts of l o c a l  m t e r i a l  
available, and t h e  poss ib lc  l i m i t s  of work thc-t can be donc. 
lcav inc  t h e  off ice  f o r  t h e  f i o l d  it i s  well t o  l o c a t e  on a m p ,  f o r  
a c c e s s i b i l i t y ,  t h o  f a r z t c  be surveycd. 
pe r t a in inz  t o  it should a l so  be  secured. 
l m b c r  crayon, penc i l s ,  cl inometer,  tapo, f i e l d  book, recording f o r m ,  
runoff t a b l e s ,  and weir spec i f i ca t ions  a r e  required.  
h a w  a supply of stc.kes on hmd. 
becausc it can be r c x l i l y  found even i n  f i c l d s  wi th  dense covering 
of vezetnt ion.  
t o  t h o  s t ake  top. 

Thc eneinccr should b v o  i n  n in6  t h o  c x t c n t  of 

Bofore 

Tho iLgronony and S o i l s  m p s  
A hand-axe, t a l l y  board, 

It i s  well t o  
A 70 inch s take  i s  recornmended 

If necessary a smll  s t r i p  of r ed  c l o t h  m.y be tacked 

Three-man survcy p o r t i e s  arc rccoimended f o r  t h e  loca t ion  o f  
The ongincar an& his xs s i s tmt  can loca te ,  masure gul ly  s t ruc turos .  

and rccord  t h e  s t r u c t u r c s  while t h c  t h i r d  m n  can s t akc  and nnrk t!icm. 
Upon ontor ing a farn tho  engineer shoulc? f i r s t  contac t  t h e  farmer i f  
poss ib le  becausc ho is eenc rz l ly  i n t s r o s t c d  i n  what is going on and 
f rcqucnt ly  h s  valuable suepst . ions t o  o f fe r .  
and s o i l s  a-.ps will i n d i c a t e  land-usn p r o g r m  and e ros ion  conditions.  
Thcsc should bc u t i l i z o d  i n  marking p l l i o s  and i n  determining type of 
s t r u c t u r e  r e so r t ed  t o .  The g u l l i e s  are  numbered as shmm on t h e  agronony 
map, p q c  76. 
f r o m  #l on c l e a r  through tho  e n t i r e  fan; r a t h o r  than  t o  start w i t h  number 
one f o r  c v c r j  gU1ly. Tho s t r u c t u r e  number i s  mrked o n t h c  stake wi th  
l d c r  crayon (blue i s  rocomended, and it i s  a l s o  sugeestcd t h a t  t h e  
stalcc bc t i l t o d  wi th  t h e  nrnsbcr placcd on lawr s i d e  t o  presorve mrk) 
and i s  recorded on Spcc i f i ca t ion  Shcct  Fcrn A as job nunher (g ive  number 
of s t ruc tu ro ) .  The spec i f i ca t ions  ?.re conputcd and s o t  dmm i n  t h e  
proper coluim. This fo rn  i s  l a t e r  tu rned  over t o  t h e  work foreman, who 
b u i l d s  h i s  s t r u c t u r e s  f r c n  t h e  i n f o m i t i o n  thercon. F o m  d i s  s h a m  on 
pagc 78. Under Part a fol lmnny,  w i l l  be shmm mnner of recording 
l abor  nnd m t e r i a l s  f o r  var ious  s t r u c t u r c s ,  

X perusa l  of t h e  agronomy 

I t  i s  recornended t h a t  s t r u c t u r e s  bc numbered consecutively 
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-3AMPLL AGDONOMY MAP- 
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-4AMPLE SOILS MAP- 
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F o m ~  SCS-R 

0 

SPECIFIC AT ION SHEET 
SOIL CfiNNSERVATION SERVICE 
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In tho  loca t ion  of stream con t ro l  s t r u c t u r e s  it i s  recornended 
t h a t  a regular s t a d i a  t r a v e r s e  survey be made of t h e  a r e a  including and 
ad jacent  t o  t h e  stream problem. 
be easy t o  place the  s t r u c t u r e s  requircd.  
chances f o r  making a blunder a r e  much cnhancod. Tho s t r e m t m g e n t s  
and curves a r e  very n ls leading  t o  an observer i n  t h e  f i e l d ,  e spec ic l ly  
on l a rge  jobs. The t i n e  used i n  making a d e t a i l e d  topography map o f  
t h e  problem a r e a  is t i n o  we l l  spent  and w i l l  genera l ly  assure  a more 
oomplcte and s a t i s f a c t c r y  stream job. A fou r  man crew cons i s t ing  of 
ins t runent  man, recorder,  and two  rodmen i s  very s a t i s f a c t c r y  and 
e f f i c i e n t .  I n  any kind o f  work it i s  des i rab le  t o  have uniformity i n  
a l l  procedure. Mcp work i s  no exception, s o  t h e r e  i s  included on 
page 80 a l i s t  o f  conventional s igns  t o  be used i n  napping work where 
t h e  type of s t ruc tu re  must be indicated.  

Once t h e  a rea  has been napped it v i l l  
If no survey i s  made the  

A method of es t imat ing s i z e  o f  watershed has been discussed 
under "Hydraulics" s o  w i l l  no t  be repeated. 
for any s t ruc tu re  i s  included under Drainage Lrca (D.A.) i n  Form A, 
page 78. It should be given t o  t h e  neares t  one-tenth acre .  
a rea  (G.A.) i s  obtained by e s t i m t i n g  t h e  a c t u a l  a r ea  cut  by gu l l i e s .  
i s  w e l l  t o  include f o r  rrldth of such g u l l i e s  a n  added t e n  f o o t  s t r i p  on 
both gul ly  banks t o  a l lcm f o r  l a t e r a l  erosion. 
by tho length  o f  g u l l y  w i l l  give gu l l i cd  area. 
t h e  nea res t  one-tenth acre .  
of a degree. 
t h e r e  i s  a marked change between severa l  consecutive s t ruc tu res .  

nothing should be  placed i n  t h e  colunn "Probable Source of 

The a rea  o f  t h e  watershed 

The g u l l i e d  
It 

The t o t a l  x i d t h  n u l t i p l i e d  
It should be  recorded t o  

Percont s l o p e  need not  be c a r r i e d  t o  t e n t h s  
fin average s lope f o r  t h e  e n t i r e  gu l ly  i s  s u f f i c i e n t  unless  

Trouble" Fora A, unless  the  cause i s  w e l l  determined. 
Pro jec t  #l3 a t a b u l a t i o n  of "Probable Source o f  Trouble" f o r  s eve ra l  
thousand g u l l i e s  surveyed ind ica ted  the  following i n t e r e s t i n g  da ta :  

For oxample, on 

Causes of Gully Erosion 

Livestock ( t r a i l s ,  s a l t - l i cks ,  and feed  l e t s )  - - - - - - - - 21.7% 
S l i ~ s - - - - - - - - - - - - - - - - - - - - - - - - - - - -  17.3% 

15 *5% Excessive gracing - - - - - - - - - - - - - - - - - - - - - - 
Sub-surface e ros ion  (underground seepage) - - - - - - - - - - 11.6% 
Rodents (ground hogs, moles, e t c . )  - - - - - - - - - - - - - 2.9% 
Public  Highways ( inproper  d r a i n  p l a c e m n t )  - - - - - - - - - 2.0% 

Miscelianeous - - - - - - - - - - - - - - - - - - - - - - - - 13.1% 

Haul roads ( o l d  1o;;ging t ra i l s ,  farm roads) - - - - - - - - - 4.8% 

Springs (overflow 'and approanhes) - - - - - - - - - - - - - - 1.1$ 

Such information can be of g r e a t  value i n  f u t u r e  planning and i n  
comen t ra t ing  con t ro l  ncasures  where they  a r e  nos t  effecf ive.  
i nd ica t e  t h a t  haul-roads cause almost 15 c u t  of every 100 g u l l i e s ,  t he re -  
f o r e  they  j u s t i f y  consideruble a t t en t ion .  

Figures 



- CONVENTIONAL S I G N S  - 
AS USED IN ENGINEERING WORK ON PROJECT -13 

SPENCER, WEST VIRGINIA 

DIVER” DITCH OUTLET .- 

A ROCK OVERFALL---- 

BRUSH OVERFALL----- 

BRUSH MATTING---- 

STOPPER DAM------ 1-1 

ROAD (GOOD) -------- 

ROAD (POOR)-------- Z=ZZ=Z==ZZ 

----- ----- TRAIL ---_- - -----__- 

BRIDGE------- ---__ >---< 
BUILDINGS--------- OR 

FENCE (WIRE)------- -x-x- 

FENCE (RAIL)-------- - 
RAILROAD---------- -l-t-H- 

TRAVERSE STATION- 0 
BENCH MARK------ 5. M.0 
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h key t o  reading t h e  symbcls as given on t h e  S m p l e  S o i l s  mp, 
pago 77, hzs not  been included because such can r e a d i l y  be obtained f r o m  
t h e  S o i l s  Divis ion of t h e  Conservation Service,  who may rev i se  t h e n  f r o m  
t ine t o  time. 
plan:  

Su f f i ce  t o  say t h a t  symbols genera l ly  fel lcvc t h i s  d e f i n i t e  

S o i l  type  - Land use 
Slope - Erosion 

The synbols and d e f i n i t i o n s  f o r  c u l t i v a t e d  crops, f i e l d  crops, 
pnstures ,  and plant ings  a s  shewn cn t h e  sanple agronomy nnp, page 76, 
can be obtained f r o m t h e  Agronomy Divis ion o f  t ho  S o i l  Conservation 
Serv ice ,  They m y  be  sub jec t  t o  f requent  revision, s o  were not included. 

B 

MATERILLS AliD L B O R  FOR STRUCTURES 

I n  order t o  have a p r a c t i c a l  demonstration i n  e ros ion  con t ro l  it 
i s  necessary t h a t  t h e  s t r u c t u r e s  e rcc tod  be b u i l t  from m t e r i a l  gene ra l ly  
ava i l ab le  on t h e  cverazo farm. Such m a t e r i a l  i s  usua l ly  c l a s s i f i e d  as 
l o c a l  and nay include sand, gravcl,  brush, straw, rock, l imestone, t imber,  
and posts .  
p r a c t i c a l  f ro l a  an economic standpoint.  
unal:le t o  extend on t h e  oros ion  con t ro l  program i f  he were exp6Cted t o  
e r e c t  concrete  o r  m s o n r y  dams t h a t  r e q u i r e  a conpElratiwly high out lay  
of  cash. Temporary s t r u c t u r e s  a r e  usua l ly  long-lived enough t o  surv ive  
until vege ta t ion  has re -es tab l i shed  i t s e l f ,  which i s  our u l t i m k e  object ive.  

The engineer  conducting t h e  s t r u c t u r e  survey should make an 

Permnent  s t r u c t u r e s  could be used b u t  o r d i n a r i l y  arc not  
A l s o  t h e  average famer would be  

approx imtc  es t imate  of  t h e  amounts o f  l o c a l  ma te r i a l  r equ i r ed  and should 
i n f o m t h e  f a rne r  as t o  those amounts and where they  w i l l  be needed. The 
farmor can then  commenco a t  once t o  haul h i s  m t e r i a l s  t o  t h e  s i t e  of 
cons t ruc t ion  bofore cons t ruc t ion  opernt icns  a c t u a l l y  cornenbe. Where a 
p e a k  dea l  o f  rock, brush, or  t imber i s  requi red  it has been found t o  
expedi te  cons t ruc t ion  e f f i c i e n c y  t o  send out  r a t e r i a l s  crews beforohand 
t o  a s s i s t  t h e  fnmmr i n  g e t t i n g  out  h i s  mater ia l s .  Such advance o r e m  
of f r o m  3 t o  5 nen can ass is t  a g r e a t  dea l  i n  a s su r ing  adequate supply 
of all mater ia l s .  

In organizing G U l l Y  con t ro l  crews it has been found that t h e  
l e a s t  ran hours per  s t r u c t u r e  r e s u l t e d  from crews n o t  exceeding 8 men. 
Such small crews a r e  noC poss ib l e  where c a p  l abor  i s  used. 
t h e  crew should be he ld  t o  no t  over 25 nen per foreman if poss ib le ,  

Hnvever, 

Tho foreran of a crew should bo suppl ied  with S p e c i f i c a t i o n  
Sheet,  Form li, page 78, and Forms B and B-1, pages 82 and 83, re -  
spoct ively.  All i t e m s  included under these  forms have been checked 
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a p i n s t  the  most recent recommendations as t o  c lass i f icat ion.  
hoped that tho f o m  are f lexiblo enough t o  meet t he  various phases of 
work t o  be recorded. 
mcnt i s  self-explanatory, Sanple inser t ion has been mde. The same 
holds t rue f o r  Form B-1 page 83, Ma.terials. 
that  i f  a dm i s  given n def in i te  jab number then t h a t  number should 
be used whenever any additional work i s  done on the structure, as f o r  
exanple, mintemncc work, 

It is 

Form B, page 82, Labor, Transportation and E q u i p  

I t  is t o  bo renonbered 

F o m  SCS B-2, Platin!; and Seeding Resord, page a, should 
be turned over Go the  crew foreman a t  the  time seeding oporntions are 
t o  be carried on, i.e. i n  seeding o r  planting season. A t  such time 
the foreman should a l s o  mkc a l l  repairs necessary on tho  s t ructure  
being seeded o r  planted. 

%%en a farm has been completed the  Forms should bo attachod t o  
the fann nap and sent i n t o  the central off ice  f o r  recording of data 
and f o r  f i l ing purposcs. If seeding o r  p l a n t i q  i s  net t o  be done 
imed ia t e ly  f o l l o w i n g  completion of  structures it i s  suggested t h a t  
a l l  forms be sent t o  the  central  offico.  Form 3CS B-2 can then bo 
gottcn, together with the  mps,  a+, such later &to as needed f o r  seeding 
or planting. 

ii complote rocord of a l l  structuros should be kept i n  order 
t h a t  failurcs and reasons thorofor can bc dotemincd. Vhenevcr mn- 
hours por s t ructure  run consistantly high it is  reconmonded that mnnor 
of construction cnd efficioncy of crews be investigated f o r  the source 
o r  sources of trouble. 

In a l l  typos of  govonunont morb: it is well t o  keep very complete 
By s o  doin;.; it is possiblc t o  havo a m i l a b l e  informt ion  on rocords. 

various phases of  work completed. 

C 

S€EET EROSIOX CONTROL STRUCTURES 

Undor tho discussion covering s o i l s  mas c la s s i f i ed  the difforont  
types of erosion occurring in West Virginia. 
sheet erosion w i l l  bo ropoated f o r  oonwnience. 

1. She& Erosion 

Thc c l a s s i f i ca t ion  covering 

{;{ y n t c  
emre 

a - Pockets 
b - Gallcd areas 
c - Sl ips  
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Thc typc  of s t r u c t u r c  u t i l i z e d  under cach c ros ion  c l a s s  w i l l  
now bc t a k c n  up. 

Shect Erosion 

Nhcro sheet  e ros ion  i s  mcdcratc no mechanical structures w i l l  

Scvcre shee t  
be requircd.  
s t r ipp ing  w i l l  o rd ina r i ly  su f f i cc  f o r  pos i t i vc  control .  
e ros ion  r e s u l t i n g  i n  pcckcts,  ga l l ed  areas, or s l i p s  w i l l  necd a d d i t i o n a l  
mcasurcs for cont ro l .  

Proper f i o l d  ro t a t ions  and contour farming, furrcwins an& 

a - Pcckcts - Thcsc can bc hold by f i l l i n g  wi th  nulch, brush, 
straw o r  rocks. 
o rd ina r i ly  has no watershed cxcept f o r  i t s  own sur facc  arca. 
f rcquont ly  arc t h c  cause f o r  such pockets t o  form. 
t h e  area following t h e  ccvor appl icat ion.  

Brush or straw should be t i c d  i n  place.  h pcckct 
Stock 

It. i s  w e l l  t o  seed 

b - Gctllcd arcas - Those m y  bc very scvcrc ly  erodcd and should 
rcccivc ca re fu l  a t t cn t ion .  
on pagc 87, Figurc 1'7. 
i s  a decided saving i n  m t c r i a l s  by laying brush  i n  s t r i p s .  
scrvo as miniature  bcnch t c r r a c e s  t o  c o l l e c t  s o i l  and c s t a b l i s h  vegetation. 
I t  i s  wc l l  t o  lime, f e r t i l i z e  and socd a ga l l ed  arca bcfcrc  brush  has 
becn placcd. 
con t ro l  m s h i n g  unt i l  vege ta t ion  can bc cs tab l i shcd .  
c a l  &and c f f c c t i v c  way of doing it as cxporicncc has a l rcady  shcvm. 
mator ia l s  m y  be go t t en  frcn wccdlots by rcnoving scrub timber of no 
commercial value or by trimming s c a t t c r c d  t r c c s .  
stumps are very dcs i rab lc  as i s  also t h o  ordinary " f i l t h "  such a s  brush 
grcwing i n  pastures. 
whole a rcas  bc dcpletcd of t rocs .  

Brush matt ing or s t r i p s  m y  bc l a i d  as shown 
Vhcre t h c  arca i s  l a rge  and brush scarce t h c r c  

The s t r i p s  

A brush m z t  cr  s t r i p  m y  be  dcf ined as a mn-made covcr t o  
It i s  a very econcni- 

Thc 

Sprouts c u t  from old 

I n  no case should shadc t r e e s  be  "butchcred" o r  

Tho t o o l s  ncccssary includc axcs, pruning saws, hand-axes, 

I n  no casc should 
climbcrs, wirc  cu t t i ng  p l i c r s ,  l i g h t  s lcdccs ,  m t t o c k s  and hmmcrs. 
Brace vsirc (#9 galvanized) should bc ava i l ab le .  
barb wire bc uscd f o r  anchoring brush  mats bccausc of dangor t o  stock. 
Whcrc poss ib le  it i s  b c t t e r  t o  use forkod s t akcs  t o  hold mats o r  weight 
d a m  wi th  rock and logs .  

-- 

Tho brush i s  l a i d  on t h o  crodcd arca by s t a r t i n g  a t  onc of t h e  
upper corncrs  and lay ing  a s t r i p  across  tho  top. 
brush must be t r i n n e d  down md a l l  high r idgas  on t h c  area smoothed wi th  
a m t t o c k .  The 
scccnd s t r i p  i s  l a i d  bclcvv and overlapping t h o  f i r s t .  
mz te r i a l  i s  l a i d  wi th  t h c  butt-cnd down h i l l .  
t h e  bottom. 

I n  lay ing  t h c  mt  t h o  

This w i l l  a s su rc  t h e  mt c l ing ing  c lose r  t o  t h c  ground, 
I n  all cases  tho  

Fine brush  i s  kcpt noar 
S t r i p s  arc continued u n t i l  t h c  spoc i f icd  arca i s  covorcd. 
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Tho 1w.t i s  fas tened by lay ing  polcs  across t h e  brush and s t ak ing  i n t o  
pos i t i on  b y  a system of c r i ss -c ross  s takes .  
f o r  s t akes  t h o  brush m y  be wcighted dowm with heavy poles.  

If t h o  ground i s  t o o  hard 

Vherc a ga l l ed  a rea  i s  t o o  l a r g e  t o  cover even Ydth brush  s t r i p s  
it i s  well t o  r o s o r t  t o  fencing. 
t ir ie.  
I t  i s  important that s tock  be kept  out. 
aga ins t ,  woven wire i s  preferab le .  
braced. 

A fenced a r e a  w i l l  r ec la im i t s e l f  i n  
The process  my be hastened by liming, f e r t i l i z i n g ,  and seeding. 

Wherc hogs must be guardcd 
A l l  f ences  should be well b u i l t  and 

The fol lowing sgec i f i ca t ions  a r e  suggested: 

1. Posts  must bc o f  p o d  qua l i ty ,  sound, n o t  under 4 inches 
i n  diametcr a t  t h e  smll end, 6 t o  7 f e e t  long. 
12 f o e t  apar t .  

Not t o  bc s c t  over 

2. S i x  s t r and  fcncc t o  bc used w i t h  t h c  spacing 3s follows: 

#1 - 4 inches f r o m  ground 
-#2 - 8 inohos f r o m  ground 
$3 - 14 inchos f r o n  ground 
$4 - 20 inches from ground 
#5 - 30 inches from ground 
#6 - 42 inches from ground 

Corncr and brace  pos t s  should of courso bo  larger. Posts  must 
be placed not  l o s s  t han  2 f e e t  i n  t h e  ground and w c l l  tamped. 
pos ts  should be set 3 f e e t  down. 

Corncr 

1 
c - S l i p s  - In  general wc can say t ha t  s l i p s  rcprescnt  nca r ly  

t o t a l  des t ruc t ion .  
back t o  norml. The c o s t  of reclamation weuld mkc such work p roh ib i t i ve  
o r d i m r i l y .  Tho b e s t  p rac t i ee  i s  t o  rccomend r c f o r o s t a t i o n  on and 
surrounding these  areas .  
Where topography p c r n i t s  i n  c e r t a i n  cascs  an i n t e r c e p t i o n  d i t c h  may 
bo placed abovc tho  s l i p  t o  c a r r y  away a11 head waters. Where t h i s  
i s  done car0 must bc cxcrc iscd  t o  discharge t h o  water  where it w i l l  
not  cause gul lying.  

It requ i r e s  cor.plcte roclamation t o  b r i n g  thon  

It i s  a l s o  poss ib le  t o  fence and scod them. 

D 

GULLY EROSION COi'TROL STRUCTURES 

Typo o f  erosion: 

11. Gully Eros ion  
(1) Hend Erosion 
(2) Chiinnol Erosion 
( 3 )  Late ra l  Erosion 
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I n  gul ly  con t ro l  t he re  a r e  tvvc poss ib le  object ives ,  namely, 
S t a b i l i z a t i o n  and Roclamtion. 
would bc t o o  cos t ly  a prcoess on a sho r t  t ime period, s o  w i l l  no t  be  
considercd here. It i s  s u f f i c i e n t  t o  i nd ica t e  that s t a b i l i z a t i o n  z y  
ovcntually produce complcto rec lana t ion .  The minor g u l l i e s  can of  
course be completely reclaimed by d ive r t ing  head untors  and plowing 
o r  f i l l i n g  i n  t h e  channels, s o  t h e  following d iscuss ion  wi l l  r o f c r  
p r i m w i l y  t o  s t a b i l i z a t i o n  o f  m j o r  gu l l i c s .  

Rec lamt ion  i n  general  f o r  l a rge  g u l l i e s  

(1) Head E r o s i o n  - This i s  a vcry dangerbus and a c t i v c  typc o f  
gul ly  orosion because it progresses r ap id ly  up a s lope oncc it ge t s  
under way. 
should be m d e  t o  plug head eros ion  by placing gu l ly  head plugs and by 
s tabi l iz in; ;  t h e  channels t o  prcvont t h e  head plugs from mderminini;. 
Two s t r u c t u r e s ,  t h e  brush  and t h e  rock  ove r fa l l ,  p g e s  92 and 93, 
Figures 18 and 19 h v o  been used f o r  gu l ly  plugs. 
has ind ica ted  that a high percentage of f a i l u r e  r e s u l t s  frcmbrush over- 
f a l l s .  
Pro jec t  #l3. 
l ack  of n a t o r i a l s  t h e  brush  s t ruc tu ro  w i l l  have t o  be used, so  spec i f i -  
ca t ions  f o r  it a r e  included. 
b u t  it i s  thought t h a t  i n  somc tjrpes of s o i l  t h e  brush  o v e r f a l l  m y  prOVC 
more successfu l  than  it has hcrc. 

It endangers good land and poor a l i k c  xhen s t a r t ed .  E f f o r t  

A year  of cxporionco 

For t h a t  reason t h e i r  usc has been l a r g e l y  discontinued on 
Yfhcrc it i s  inposs ib le  t o  make rock ovcrfalls because Of 

The rock o v e r f a l l  i s  o rd ina r i ly  recomended, 

Tho brush o v e r f a l l  i s  constructcd by c l ea r ing  away any loose 
mate r i a l  i m e d i a t c l y  below t h e  break u n t i l  .tho sod  a c t u a l l y  ove.rhangs 
throughout t h e  longth of t h e  o r i @ a l  break. It i s  not  necessary t o  
br ing  thc  break t o  a s t r a i g h t  l i n e  because t h e  only objec t  gaincd i s  
g rea t e r  easc i n  f i t t i n g  brush  l a t e r .  
now se lec ted  and placed up m d  under t h e  overhang and n t  r i g h t  anglcs  
t o  t h e  l i n e  o f  flow. Longcr and heavier  brush  i s  placod over t h i s  on 
l i n e  wi th  d i r o c t i o n  o f  flow. But t s  a r e  placed dmm slope.  Poles a r e  
placed across  t h i s  brush and t h e  brush pushed f i rmly  i n t o  t h e  break. 
The poles should be sho r t  enough t o  fcllo:-u t h e  l i n e  of t h e  break  i n  
order n e t  t o  loavo loose brush. Poles  iaay be  f a s t ened  wi th  stakes.  
A properly constructed o v e r f a l l  oxtonds a t  l e a s t  twice a s  f a r  down h i l l  
as t h e  break i s  high. It provides a smooth path f o r  water t o  f l o w  over 
an abrupt f a l l  i n  t h e  ground. 

A bunch of brush or l i t t e r  i s  

The rock ove r fa l l ,  Figure 19, page 93, i s  s i m i l a r l y  constructed.  
The important t h i n g  i s  t o  havo s u i t a b l e  m t e r i a l s .  
for tuna te  i n  having ava i l ab le  vast q u a n t i t i e s  of f lag-rock which a r e  
e a s i l y  l a i d  up a s  s t ruc tu res .  These wcre u t i l i z e d  t o  cons t ruc t  r cck  
ovcr fa l l s .  Flag-rock, i f  w e l l  l a id ,  makes a s t r u c t u r e  t h a t  appr~oaches 
rasonry i n  s t r cng th  and yo t  i n  f a r  choaper. 
s t r u c t u r e  is t o  l a y  the stones i n  such a manner t h a t  they  “key toge the r”  
and a r e  he ld  by weight f r o m  above. 
it i s  reccmended t h a t  masonry bc used because of t h e  uncer ta in ty  of 
loose rock s t ruc tu res .  

P ro jec t  #13 1113s 

The s e c r e t  of  a s t rong  

Whore only boulders a re  avz i l ab lc  
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I n  layins  the flag-rock a vcry shallow t rensh should be duz 

In t h i s  di tch tho first layer  
On those are  l a i d  the  second layer i n  such 

across the  gully about a s  f a r  f romthe c rc s t  as the break i s  high, 
The di tch should be curved upstream. 
of  f l a t  stones i s  laid. 
a m m e r  t h a t  they overlap about half  the surface o f  tho f i r s t  layer 
and s o  on up un t i l  the e w r f a l l  i s  completed. The finished jcb should 
ham a “shinglcd” appdarance and should extend well up on each side of 
the gul ly .  The strueture should be flumc-shaped. 

(2) Channel Erosion - This i s  n type of erosion f m i l i a r  t o  
Channel erosion m y  be e i thor  nearly everybody a s  ordinary gullies.  

l a t e r a l  o r  ver t ica l ,  dependirrg upon the condition of the bottcm and 
tho type o f  so i l .  It i s  a l so  variable according t o  the s o i l  s t r a t a  
i n  which it i s  cutting. 
it w i l l  usually eat  rapidly and frequently has vcr t ica l  o r  even over- 
hanging banks. 
wc w i l l  find a semi-lateral erosion occurring. 
before t h a t  l i t t l e  i s  yet  Immm of t he  many variables producing the 
conditions indicated. 

Once a gully has cut i n to  the C-horizon 

If tho gully channel i s  of ha rd  bottom such as shale 
It has been stated 

The engineer has a t  h i s  comand a host o f  s t ructures  tha t  may 
be used t o  control channel erosion. 
severity of ercsion, type of gully, slope. o f  gully, extent of water- 
shod, prevalent so i l ,  available m t e r i a l s ,  local i ty ,  and permanency 
desired. 
economical way of cbntrolli’lg crosion. ’ It .is a - % l l  ootnblishcd fnct 
t h a t  a structure which has been succossfully used i n  one sect ion of 
the c o u n t r y  m y  be a eonplete fa i lure  i n  another. 
c r i t i c a l  observer c m  learn more from Mothcr Nature than he can f rom 
reading a l l  the tex ts  on erosion engineerin;: ever written. 
mny examples o f  natural check-dams t h a t  eclipse the best  we can a f fo rd  
t o  build. 

Final choice v d l l  depend upon 

He should be constantly on the a l e r t  f o r  pract ical  and 

d careful and 

There are 

Chnnnel erosion m y  be ccntrelled by (a) diverting head waters, 
( b )  by f i l l i n g  i n  the channel completely, o r  ( c )  by s tab i l iz ing  the  
chrnne 1. 

Rlcre head miters are d ive r tod  it i s  frequently necessary t o  
erect  a fence around the gully t o  a s s i s t  vegctation i n  healing the 
channel. The m t e r  can be diverted Chrough the use of a diversion 
ditch,  Figure 20, p a p  94. 
t o  it i s  well t o  determine whether a suitable o u t l e t  i s  available. 
If an out le t  appears doubtful it i s  wiser not t o  use a di tch a t  a l l .  
In  staking out the d i t ch  it i s  well  t o  place frade stakes every 25 
f e e t  and offset  f romthe center l i ne  up-slope i n  order t o  keop stakes 

Before a diversion ditch i s  resorted 
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c l e a r  of t he  d i r t  which l a t e r  f o r m s  t h e  lower s ide  o f  t h e  d i tch .  A 
l a rge  d ivers ion  d i t c h  should be run i n  by  l e v e l  or t r a n s i t  r a t h e r  t h a n  
by clinometer. It i s  w e l l  t o  s tar t  t h e  l i n e  a t  t he  po in t  where t h e  
o u t l e t  i s  t o  be and run back. The d i t c h  i tself  i s  cu t  w i th  s lopes  as 
ind ica ted  on t h e  diagram. The m t e r i a l  f o r  t h e  f i l l  should be w e l l  
packed and then  seeded. I n  d i tches  carrying much water  it i s  we l l  t o  
place sod s t r i p s  a t  d e f i n i t e  i n t e rva l s .  
place spreader boards in s t ead  of sod  s t r i p s .  A d i t c h  should never be 

de s t ruc  ti on, 

It may even be necessary t o  

run i n "  by eye alone as such p rac t i ce  w i l l  de l ibe ra t e ly  i n v i t e  II 

No d e f i n i t e  grade can be recommended b u t  p rac t i ce  has ind ica ted  
t h a t  f o r  very  e ros ive  s o i l s  a 1% slope i s  sa t i s f ac to ry .  
f l o w  with s u f f i c i e n t  v e l o c i t y  t o  carry  i t s  burden of sediment without 
excessive depos i t ion  and y e t  c u t t i n g  should not  t ake  place.  Veloc i t ies  
between 2 t o  4 f e e t  per  second a r e  o rd ina r i ly  no t  dangerous. Much has 
been w r i t t e n  regarding t h e  carrying capac i ty  of flowing water  y e t  t h e  
subjec t  i s  no t  very w e l l  understood. It might be w e l l  t o  mention here  
t h a t  t h e  weight of ob jec ts  which can b e  t r anspc r t ed  by water  v a r i e s  a s  
the  s i x t h  power o f  t h e  amter ve loc i ty ,  Thus i f  v e l o c i t y  be  doubled 
the  t r anspor t ing  capaci ty  of t h e  writer i s  64 t imes  as grea t .  
be kept i n  mind, however, t h a t  t r anspor t ing  capac i ty  app l i e s  t o  the  s i z e  
and weight of p a r t i c l e s  moved by t h e  water r a t h e r  t h a n  t o  t h e  t o t a l  &mount 
sf mater ia l  car r ied .  
ways: (I) by r.ontinuous suspension; (2 )  by i n t e r m i t t e n t  suspension: and 
(3) by r o l l i n g  or skipping along t h e  bed of t h e  stream. 
E m o u n t  i s  c a r r i e d  i n  s o l u t i o n  i n  a d d i t i o n  t o  t h a t  i n  suspension bu t  t h i s  
i s  not being considered. If a s o l i d  whose dens i ty  exceeds t h a t  of water  
is introduced a t  the  sur face  o f  a stream it tends t o  s e t t l e  gradual ly  
t o  t h e  bottom under t h e  a c t i o n  of g r a v i t y  as it i s  c a r r i e d  along. The 
downward f0rc.e i s  opposed by a g r e a t e r  or  s m l l e r  upward force  c rea ted  
by t,he i r r e g u l a r i t i e s  on t h e  channel bottom and thereby a c e r t a i n  amount 
of ina te r ia l  i s  kept i n  suspension. The upward pressure o f  t h e  de f l ec t ed  
cur ren ts  v a r i e s  as t h e  square o f  t h e  ve loc i ty .  Since t h e  amount of 
mater ia l  he ld  i n  suspension i s  propor t iona l  t o  t h i s  upnard pressure it 
a l s o  va r i e s  as t h e  square of t h e  ve loc i ty .  
'.ln suspension v a r i e s  as t h e  cube of t h e  ve loc i ty .  
s t a t e d  then,  that as de.pth and v e l o c i t y  increase ,  the t r anspor t ing  power 
increases  rapidly.  The diameters o f  s i m i l a r l y  shaped s o l i d s  which t h e  
m t e r  i s  j u s t  ab le  t o  move vary as t h e  square of t h e  v e l o c i t y .  and t h e i r  

The water  should 

It should 

Mater ia l s  a r e  t ranspor ted  by flowing water i n  t h r e e  

Of course a g r e a t  

The t o t a l  quan t i ty  t ranspor ted  
It may f u r t h e r  be 

weights t h e o r e t i c a l l y  as t h e  s i x t h  power -of t h e  v e l o c i t y  and" 6 c t u a l l y  

I n  ordinary d ive r s ion  d i t c h  design it w i l l  be imprac t ica l  t o  
make t h e  above inves t iga t ions  bu t  it w i l l  be necessary t o  design t h e  
d i t c h  capaci ty  f o r  t o t a l  runoff t h a t  might accumulate. 
information t o  make such computation has  been included under Hydraulics 
Pa r t  Three. 
d i t c h  r a y  m e r i t  sor-siderable a t t e n t i o n .  Where such a d i t c h  is employed 

S u f f i c i e n t  

There a r e  ind ica t ions  t h a t  t h e  v a r i a b l e  grade d ivers ion  
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allcwance should be made i n  t h e  channel clesign. 

Great ca re  must be exercised i n  design of t h e  d i t c h  o u t l e t  
(Figure 21 page 95). 
i s  recomended. 
d i r e c t  without khe use of a spec ia l  o u t l e t ,  
flow i s  very i n t e r m i t t e n t  and a well sodded a r e a  i s  ava i l ab le .  
l e t  end of t h e  d i t c h  i n  such cases  should be "flared".  

If f lag-rock i s  not ava i l ab le  a m s o n r y  o u t l e t  
In some cases  it i s  possible  t o  empty a d ivers ion  d i t c h  

Such is only pcss ib l e  where 
The ou*- 

Where a *ole s e r i e s  of g u l l i e s  has channeled out a l a rge  area,  
t h e  d ivers ion  d i t c h  maybe used t o  advantage. 
i n t o  one channel by i t s  us&, and t h a t  channel pro tec ted  by a d d i t i c n a l  
s t ruc tures .  The o ther  channels can then be  allowed t o  heal. 

A l l  water  m y  be  guided 

(b )  By f i i l i n g  i n  channel - This method cf con t ro l  i s  e f f ec t ive  

On t h e  l a r g e  g u l l i e s  

A bul ldozer  i s  very e f f e c t i v e  f o r  c u t t i n g  

on t h e  smaller g u l l i e s  only because it i s  in r e a l i t y  complete r e c l a m t i o n ,  
which i s  far too  expensive f o r  average farm land. 
it has been found b e s t  pr.actice t o  plow i n  t h e  s ides  t o  a moderate s lope,  
fence the  gu l ly  and seed it. 
down gu l ly  banks. 
bu l ldozer  i s  not  ava i l ab le  ordinary scrapers  can be used. 
must of ccurse be diver ted.  

Powder could be used but  i s  t o o  expensive. Where a 
A11 headwater 

( c )  By s t a b i l i z i n g  c.hanne1 - This method of gu l ly  c o n t r o l  in -  
volves t h e  use of check dams. 
w i l l  l a t e r  be considered i n  more d e t a i l r  

The following types a r e  i n  ccmCrn use and 

1. Log D a m  
2. Wire Dam 
3. Brush Dm 
4. Stake Dam 
5. Rock Dam, rec tangular  s p i l l % a y  
6 .  Rock Dam, curved spi l lway 
7. Bag Dam 
8. Sod Dam 

In t h e  s e l e c t i o n  of t h e  type of check dam t o  b e  used, t h c  s ize  and 
c h a r a c t e r i s t i c s  of t h e  gul ly  must be considered, t h e  ex ten t  of watershed, 
t h e  slope,  probable r u n o f f ,  ma te r i a l s  ava i l ab le ,  pemanency des i r ed ,  s o i l  
character ,  and supplementary s t r u c t u r e s .  Whatever type i s  se leo ted  in-  
volvcs almost i d e n t i c a l  fundamental cons t ruc t ion  p r inc ip l e s .  The b a s i c  
r u l e  as t o  general  pol icy,  namely, "where water  can be cont ro l led ,  concen- 
t r3 t .e  it; where it cannot, d i sperse  it" well  app l i e s  here ,  Water i s  t o  be  
cont ro l led  by check dams, t he re fo re  i t s  f low must be concentrated through 
proper weir  n o k h e s  and adequate channels. 
s t rong enough t o  ca re  f o r  heavy f lews .  The genera l ly  appl icable  f e a t u r e s  

The s t r u c t u r e s  must be b u i l t  
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i i i c lu le  : 

(a) Base o f  s t r u c t u r e  placed w e l l  below channcl bcd t o  form 
cutof f  vm.11. 

X n g s  t o  extend s u f f i c i e n t l y  i n t o  gu l ly  shoulders  t o  avoid 
crid cu t t i ng .  

Spillway of capac i ty  s u f f i c i e n t  t o  care  f o r  a l l  f loods  
ccvoring t h c  l i f e  of t ho  s t ruc tu re .  

4 w o n  t o  t i c - i n  t o  t h e  main s t r u c t u r e  and t o  extend vrcll 
belovi it. 

I h t c r i n l s  t o  bc durable  and w c l l  placed. 

F i l l  abcvc m i n  s t r u c t u r c  t o  cxter.d back f u l l  d i s tance  
spcc i f i cd  and t o  bc tamped. 

(b)  

( 0 )  

( a )  

( c )  

(f) 

(g )  Immcdiatc vcgotat ivc con t ro l  meilsurcs. 

(h) hdcquztc imintcnaiicc. 

Thc hydraul ic  fcn tures  i n  d o s i p  of a dii i  have becn covercd 
ux lc r  ?wt Thrco of t h i s  Scndbcck, inc luding  typc prcblcms for both  a 
notched acd clurmd spi1lm.y. 
ca t ions  w i l l  of ccursc b i  t h c  r e s p o n s i b i l i t y  of t h c  cngincicr and crew 
foroinsn. 
S c m  changcs h.vc bccr? recsmcndcd s incc  t h c  drawings wcre f i r s t  >mde 
and thosc  w i l l  bc i i id ics tcd  i l  prcpcr  place. 
f i c l d  all rcqui red  t o o l s  shculrl bc checked as w n y  will bc  nocdcd f o r  
t h i s  typc of -scrk. 
spud ba r s ,  p l i e r s ,  pinch b w ,  hmmer, shcvcls,  msttock, tnpc,  hand l cvc l ,  
ta-?per ,  axes, hrnd-nxc, s tone haimcr, c s n t  hocks, spado, sod knife ,  hay 
fork, brush  scythe,  and sledge. Nhero seeding i s  donc rakcs should bc 
takc-cn along. 
bc m.dc avn i l ab lc  t o  tho  crcvrs. %%or. it i s  necessary t o  s p l i t  logs  
o r  break r o c k  tlhc fcrcmn should tako along i r o n  wedges and s tone vJedges 
as wc l l  as a s t r ik inp;  d r i l l  Whcrc minor b l c s t i n g  bcconcs ncccssary. 

Prcpcr c c m t r u c t i c n  according t o  s p c c i f i -  

3rawings hsvc beon includcd t o  shmf ocns t ruc t ion  f ca tu rcs .  

Bcfcrc going i n t o  t h c  

Tkcy snoulci includc cross-cut  S ~ J ,  pest-hole  diggar,  

S t ap le s ,  -mrious s i ecd  m i l s ,  brncc and WOVCLI wirc must 

Rcfcr t o  Figurcs  22 and 27, p a p s  99 and 100. 
s t r u c t u r e  i s  vcry s t rong  and durable .  
nnrrw g u l l i c s  havins large drainagc a rcas .  
shc*uld be placed at such s t r c t c g i c  po in t s  as, f o r  examplo, t h e  i n t c r -  
s c c t i c n  of t w o  o r  ncrc  g u l l i c s .  

This t y p c  o f  
It i s  i d e a l  t o  place i n  deep, 

Thcrc poss ib le ,  a log  d m  
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Right hcrc i n  t h e  bcginning of t h c  discussion on dams it might 
be t-rcll t o  s t a t e  t h a t  o r d i m r i l y  it w i l l  not be economical t o  placc 
check dams so  t h a t  t h e  apron of one dmi w i l l  bc j u s t  s l i g h t l y  abom the 
spillway c r e s t  of  the  dam bclovr, allowing of course a na tura l  gradicnt 
o f  1% t o  2% bctwecn the  bvo s t ructures .  
ra thcr  bo placed s t r a t e g i c a l l y  a t  vantage points along t h e  gul ly  whcrc 
s i t c s  arc sui table  f o r  a s t ructurc .  Considcrablc saving can bc 
accomplished through such pract ice  and r c s u l t s  obtaincd w i l l  bc 
comparable t o  the  othcr method. Thc placcmerrt policy appl ies  t o  all 
typcs of chcck dams with t h e  exception pcrhaps of t h e  sod and bag darns. 

It i s  f c l t  t h a t  dams should 

Hater ia ls  f o r  a log dam should consis t  of logs cut  6 t o  6 inchcs 
i n  diameter, smooth wirc, and flag-rock. 
w i l l  be required t o  bu i ld  a good apron and t o  s lab  t h e  approachcs. 
l o g s  used should have a uniferx diameter and should be s t ra ight .  

About a yard of  flag-rock 
Thc 

A t  the  s i t e  sclcctcd z core trcneh i s  dug pcrpcndicular t o  tho 
ccntcr l i n c  of tho gully. 
A large base leg i s  placed i n  t h e  trench. 
the do>-mstrem odgc of tho baso log. 
diamctcr m d  long enough t o  extend t o  tho t o p  of t h e  gul ly  bank. 
s p i l l m y  posts a rc  s e t  on cach s i d o  of thc  prcposcd wcir notch with 
about 6" clcarancc from the  cut. 
dm. 
be uscd. 
the oxcavatcd d i r t  s p  slcpc scvcral f c c t  i n  order t o  make it readi ly  
avai lable  f o r  l a t c r  use on the  back f i l l .  
placed t h c  ether  logs should bo f i t t c d .  
other u n t i l  t h c  hcight of t h e  dam i s  roachcd. 
togethcr, cvcn a t  tho  expense of tr irming cut  projections o r  snags. 
a good fit my be obtained by r o l l i n g  the  logs. 
uscd t o  t i e  thc  logs t o  thc  upright posts. 
availablc thc dam m y  be b u i l t  t o  thc  hcight of the  spillway c r e s t  and 
thc shortcr  legs  used t o  continue with the  notch. 
thc  d,m spillway m y  thcn be obtaincd by sawing cut thc v r o i r  notch t o  
propcr sizc. 
and adds t o  t h e  syrmnetry of the  structure.  It i s  very important t h a t  
the  spillway c r c s t  log be placcd absolutoly horizontal  so t h a t  vrator 
flowing evcr tho spi l lvny will n o t  conccntrate i n  one corncr of t h c  
notch, thcreby cndangcring t h c  apron. 
obtain a horizontal  crcst .  
notch cut out the back fill i s  put in. 
the  chinks betvrcca logs should be s tuffed with brcomscdgc, straw, o r  
s imilar  material such as lcaves or  mulch and thc  d i r t  placcd against  t h c  
d m  lnycr by layer u n t i l  the  f i l l  reachos t h c  spillway c r c s t .  Each layor 
nust bc thoroughly tampcd as it i s  put in.  
up on t h e  shoulders. It i s  rccommcndcd t h a t  fills bo sccdcd. Exporience 

Spccif icat iens  a r c  shmm on t h c  figures.  
Posts arc now placed along 

They should he 4-8 inches i n  

A post i s  s o t  a t  cach cnd of tho 
Tihcrc the  s t ructure  cxcccds 20 f c c t  i n  length, e x t r a  pests  should 

It i s  w o l l  t o  rcrnomber while digging t h e  core t r c n c h ' t o  t h r m  

After tho base log has bccn 

They should f i t  closoly 
They arc  put one on t o p  of t h c  

Oftcn 
About a # bracc wire i s  

I f  prepcr longth logs arc 

F i n a l  dimensions f o r  

A trapezoidal wcir notch nakcs a very plcasing appearancc 

The Abncy Level may be uscd t o  
After the  dan propcr i s  complctcd and thc  

IThcre a close f i t  mas not obtaincd 

Thc f i l l  should extend m o l l  
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has ind ica t ed  on p a s t  s t r u c t u r e s  that  a % o d  c r e s t  placed on t h e  s p i l l -  
way i s  very sa t i s f ac to ry .  
c r e s t  ind ica tod  on tho  f i l l s  as per  t ho  drawings of log  dams (pages 99 
and 100) are not  s a t i s f a c t o r y  and w i l l  undermine. 
recornended t h a t  t ho  f l a g  s tcnc not be placed near t h e  c r o s t  of t ho  f i l l  
but  r a t h e r  be uscd only f o r  t h e  shoulders a s  a r ip- rap  and f o r  apron 
construct ion.  
Reference should be nmdo t o  P a r t  Five which gives  i n  d e t a i l  t h e  p l an t ing  
and seoding of s t ruc turos .  

It has f u r t h e r  beon found that t h e  flat rock 

Therefore it i s  

The banks above t h e  gully should a l s o  be sloped and seodcd. 

Tho f i n a l  f e a t u r e  of tho dam w i l l  be t h e  apron bclow t h e  s p i l l -  
way. 
It i s  bos t  constructed by rcmooing 2.11 b rush  and loose mator ia l  from t h e  
bottom of t h e  g u l l y  and t h e n  l i n i n g  t h o  channel wi th  f l a g  s tone s t a r t i n g  
scvoral f e c t  bclow t h o  dam. 
v 6 l l  bo a desc r ip t ion  of apron cons t ruc t ion  which should be  r e fo r rcd  t o .  
The apron ind ica ted  w i l l  bc appl icablc  t o  t h e  l o g  dam. F romthe  type o f  
m t c r i a l  that  ices i n t o  temporary d m s  WC know that t h e  l i f o  of t ho  
s t r u c t u r e  w i l l  be l i n i t o d .  
and placed t h a t  a wash-out w i l l  not r e s u l t  when t h o  s t r u c t u r e  r o t s  away. 
For t h i s  reason T-TO arc advocat inz bu i ld ing  cn adcquatc rock apron  that 
w i l l  a c t  as a scmi-dam oven a f t e r  t ho  m i n  s t ruc tu ro  i s  gonc. 
very w c l l  bc dono by bu i ld ing  t h o  apron up t o  w i t h i n  two-thirds  t h o  s p i l l -  
way hc izh t  of tho dam and. l a y i n z  it i n  a f l m c  shapo so  t h a t  it w i l l  always 
a c t  as a linten-my and s t i l l  w i l l  r e t a i n  s o i l  above it. It i s ,  o f  coursc,  
assumad t h a t  by t h e  t i n o  t h e  s t r u c t u r e  has dccomposcd s u f f i c i c n t l y t o  bc 
of no f u r t h e r  valuc vcgc ta t ion  v i l l  have os t ab l i shed  i t s e l f  s u f f i c i c n t l y  
t o  prcvcnt f u r t h o r  erosion,  with t h o  holp  of t h c  rock apron rcmaining. 

It i s  probably t h e  most important s i n g l c  t h i n g  i n  t h e  whole s t r u c t u r c .  

I rncd ia to ly  following t h o  d i scuss ion  on dams 

Thcrcfore t h e  wholc unit must be so planned 

This can 

Thc lo:; d m  i s  exponsivc s o  rnust bo uscd i n  p laces  whcro it can 
c o l l e c t  considcrablo s o i l  and where t h o  land it p r o t e c t s  has economic 
value. ,is bcforc s t a t e d  it i s  su i tod  t o  mrrm, docp g u l l i e s .  As a 
f ina l  procaut icn  bcforc  leav ing  a s t ruc tu ro  tho foroman should makc a 
ca rc fu l  inspec t ion  t o  scc t h a t  spec i f i ca t ions  have boon followcd and tho  
un i t  i s  completc. 
appearing d m  i s  vrorth while. A l l  wvastc ma te r i a l  t h a t  i s  l e f t  should bo 
noa t ly  p i lod  or should bc placcd i n  tho  gully abovc t h o  s t ruc tu re .  
lcavc an untidy work s i t c .  

Tho l i t t l e  addod o f f o r t  nccossary t o  makc a vvcll 

Ncvor 

.. Wire D a n  

Rofer t o  FiC;uros 24, 25, 26, pagcs 102, 103, and 104. 

Tho movon wire chock darn has provon t o  be a very s a t i s f a c t o r y  
s t r u c t u r e  bocausc of i t s  lour c o s t  and caso of construct ion.  I t  i s  
s u i t e d  t o  broad, shallow g u l l i c s  with small watcrshods. On t h e  Spcnccr 
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Projcct a 39 inch woven vdre v?as uscd, which proved adoquato. 
cngincers recormcnd chicken mcsh f o r  the  wirc dam. 
galvanized wire w i l l ,  of course, bc the  more p c m n o n t  of tho t r ~ o  
and should be used where possible. 

Many 
The hcavicr 

Thc d m  i s  l a i d  out by s t re tching a tape f r o m  stakc t o  stake 
s t r a i g h t  across the  gully. 
equal t o  onc-sixth of t h c  length of tho  d a m  i s  mcasurod dam s t r c m  
and mrkcd. This point dotcrmincs tho curve of tho wire dam. A di tch  
i s  now dug along a curve joining t h e  shoulder stnkcs, with the  point 
markcd out a t  t h c  distance previously given. 
should, of ccursc, bc throvm up s t r o a m  t o  be used l a t e r  as a f i l l .  

From the  contcr of tho  tapc a d i s t m c c  

The d i r t  f r o m t h c  d i t c h  

Posts arc now placcd cn thc  lowor sidc of tho trcnch. Thcy 
should bc slanted down s t r c m ,  especial ly  those i n  t h e  ccntcr t h i r d  of 
the dam. 
spillvmy arca tho b r c  ccntcr posts should bc placed a t  cqual distances 
f rom thc  contcr of t h c  gully. M t c r  thc  posts a re  i n  place and vrcll 
tampod i n  tho ground tho wire i s  stretched across and i n  thc trench, 
good pract icc  i n  placing tho wire i s  t o  invcr t  it so  thzt the  small m s h  
w i l l  bc a t  the  top. A l l  mirc should be well  stapled s c  t h a t  it will not 
pu l l  loose. 
especial ly  i n  the  p a r t  used as a spi1lvm.y. 
Up the bottom of t h c  wire t h a t  i s  in tho t r c m h ;  by so doing t h c  wire 
w i l l  bc hcld by the  s o i l  and f i l l  abow it. 
f ine  brush against  the  -;tire. Brush should bc l a i d  longi tudinal ly  and 
al tcrnutcd x i t h  laycrs  of d i r t .  
trcnch has bccn f i l l o d .  
b u i l t  a t  t h c  snmc time as tho fill i s  bcing c o n t i n y d  by ramming brush 
through t h c  mirc with b u t t s  l a i d  up stream. 
of t h e  apron v r i l l  be well anchored t o  t h e  f i l l .  
ccntinucd u n t i l  tho c r c s t  of t h c  s p i l l m y  i s  rcachod. 
of any f i l l  must, of course, bc wcl l  packed d i r t .  
should be placcd on thc  orcst o f  t h c  dam as t h i s  has proven unsatisfactory. 
The rock has bccn shewn i n  t h c  f igures ,  which iircrc drxm bcforc t ixc  had 
prcvcn such procticc unsatisfactory.  

The post i n t c r v a l  should not be morc than f o u r  f c c t .  For  the  

A 

Carc should be taken t h a t  t h e  v d r o  forms a synnnctrical cupvc, 
It i s  good pract ice  t o  bend 

The f i l l  i s  m d c  by p l x i n g  

T h i s  proccss i s  continued u n t i l  t h c  
From t h i s  pcint  t h c  apron of t h c  dam can bc 

Thc brush sc  placed as park 
Thc f i l l  should nar bc 

No flag-stonc rock 
Thc f i n a l  laycr  

The apron should next bc b u i l t ;  samc proccdurc w i l l  be fclloi-red 
as f o r  t h c  log dam i n  conformity with spccif icat ions i m c d i a t c l y  fol laving 
tho discussion on dams. Thc apron on t h c  wirc dam ~15.11 havc t o  bc very ". 
wido and should bc b u i l t  t o  two-thirds of t h c  cffockivc hcight of t h e  
spillvray . 

3rush Dam 

Rcfcr t o  Figures 27 and 28, pagcs 106 and 107. 

S brush dam i s  b u i l t  i n  g u l l i c s  similar t o  t h c  typc i n  which mirc 
dam arc placed. It my bo used whore wire is not avai lable  and whom thr: 
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watershed i s  la rger  than t h a t  used f o r  wire dams. 
strong and i f  well b u i l t  wi1.l las t  f o r  years depending, of course, upon 
thc  type o f  material  used. 

The s t ruc ture  i s  

4 durable m d  tough brush i s  recommended. 

The s t ruc ture  i s  staked cut similar t o  t h e  method used f o r  t h e  
w i r o  dam, with wings extending up stream approximately cno-sixth of the  
length o f  t h e  dam. 
t o  tho specif icat ions indicated on the  diagram. 
lavcr  s idc  of t h e  d i t c h  and a r e  t i l t e d  as shewn. 
spaccd marc than  three f e e t  apart .  
which i n  r c a l i t y  comprises the  main p a r t  of t h e  s t ructurc ,  the  matcrial  
should bc placed i n  a l t e r n a t e  layers,  namely cnc layer running lcngi- 
tud ina l ly  thc  lcngth of t h e  t rcnch and t h c  next layer  runnipg lcngi- 
tudinal ly  a t  r i g h t  angles t o  the  trench. 
mator ia l  should be l a i d  with b u t t s  down strcam and t h e  tops cxtcnding 
W O l l  ovcr and acrcss  t h c  trcnch. 
the mater ia l  i s  t i c d  down %5th brace wire which has been diagonally 
placcd and staked on t h c  up stream s ide  of  t h e  f i l l .  
car th  i s  then  tamped i n  place. 
which i s  contrary t o  t h e  specif icat ions shewn, but  as before s ta ted,  t h e  
rock was indicated on t h c  drawings p r i o r  t o  t h e  time it w a s  ac tua l ly  
found t h a t  such pract ico was dctrimental t e  t h c  l i f e  of the  structure.  

The t rench i s  dug on .the curvc thus l a i d  out according 
Posts a r c  placed on  the  
The posts should not be 

I n  placing the  brush f o r  the fill, 

On t h i s  l a t t e r  layer t h c  

When near t h e  t o p  f o r  desired hcight 

A f i n a l  layer  of 
On t h c  . f i l l  no f l a g  rock should bc placcd, 

Thc foremen should be cautioned in placing the  brush f o r  t h e  
body of t h c  dam. 
i n t o  placo, 
and bc so l id ly  packod i n t o  placc. 
used f o r  such a f i l l  bccausc it makos tho  s t ruc ture  subjcct  t o  unduc 
sccpage, with r c s u l t a n t  f a i l u r e .  
t o  mhncr  of sccding and planting t h c  s t ructurc .  
recommcndcd t h a t  sod s t r i p s  be placcd along thc c r e s t s  of t h e  dam, 
cspccial ly  ovcr t h e  lcngth that scrves as spillway, 

This brush must bc well  picked and should be ramed 
Whon f i n a l l y  t i c d  down with braec wire it should f i t  snugly 

No unusually large mater ia l  should be 

Refer t o  Par t  Five of t h i s  Handbook as 
Where pcssiblc it i s  

F i n a l  construction w i l l b c  the  apron. Plcase r e f e r  t o  disdussicn 
ccvcring apron construction which fo l lows  t h e  spec i f ica t ions  f o r  dams. 
The apron on t h e  brush dam should be b u i l t  wide, as i n  the  +re dam, and 
should equal two-thirds of  the t o t a l  height  of t h c  spillway. 

It i s  recommended t h a t  t h o  brush dambc used a s  l i t t l e  as possible, 
bccausc indicat ions arc t h a t  it rog&ros ccnsidcrablc man hours i n  con- 
struction. 

Stakc Dam 

Refer t o  Figures 29 and 30, pagcs 109 and 110. 

Thc stake dam i s  applicablc t o  vary shallow g u l l i e s  t h a t  havc a 
small watershed and a gent lc  slope. Tho dam i s  i n  r c a l i t y  merely an 
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obs t ruc t ion  placcd t o  b u i l d  a small bonch and y c t  capablc of  confining 
m t e r  flow. 

Tho d m  rcqui res  no t rcnch.  It i s  s u f f i c i c n t  t o  mcrcly cloan off 
t he  l o o s c  d i r t  on t h e  s i t c .  Tho s t r u c t u r c  i s  mrkcd c u t  s imi l a r  t o  t h c  
mcthod usod f o r  t h o  wirc and brush  dams. Thc wings a r c  placcd up stream 
about om-s ix th  of t h e  longth of  tho  dam. It i s  no t  t o  bc  assumcd that 
because tho  s t r u c t u r c  i s  smll it should not  rece ive  t h e  m o s t  c a re fu l  
attention i n  construction. 
g rea t  dea l  of damagc t o  t h o  gul ly  channcl. 
iixdicate c l c a r l y  t h e  method of construct ion.  
f i n e  'brush i s  uscd f o r  t h o  body of t he  dam and t h a t  t h i s  brush i s  hold 
in place by stakos dr iven i n t o  t h c  ground. 

If improporly b u i l t  t h e  dam may cause a 
The accompanying f i g u r c s  

It xiill be notcd t h a t  

Spcc ia l  mention should be mads of t h c  apron cons t ruc t ion .  I n  
t h i s  type o f  dam tho spec i f i ca t ions  givcn undcr apron cons t ruc t ion  fol- 
lowing t h e  d iscuss ion  on dam i s  no t  appl icablc .  
';raven with t h o  ma te r i a l  comprising t h o  body of t h e  dam. 
st r i g h t  angles  t o  t h c  l i n o  of thr: dam o r  i n  o ther  words p a r a l l c l  t o  t h c  
gu l ly  channcl. 
below the  l o m r  rox of s t akes  and thcroby form t h o  apron. 
t o  cover t h e  apron v i t h  l o o s c  rock as ind ica ted  i n  F i g w o  29, po-go 109, 
For assurancc aga ins t  washing a t h i n  l a y c r  of d i r t  should bc removed 
f r o m  t h e  s i t c  of t h c  apron i n  ordcr  t h a t  t h o  mator ia l  used \ - r i l l  f i t  snugly 
t o  t h e  ch?.nncl bcd. 

Fino brush  i s  i n t c r -  
It i s  placcd 

The branches of t h i s  f i n o  brush a rc  allowod t o  cxtond 
It i s  me11 

No f l a g  rock should be placcd on t h e  c r c s t  of t h e  dam. This i s  
not  i n  conforni ty  with t h e  f igures .  
be sure  thr.t t h e  brush  i s  f i r m l j j  packcd bcforc  it is anchored. The f ina l  
l a y e r  f o r  t h e  fill should c o n s i s t  of e a r t h  tamped i n t o  place. 

I n  bu i ld ing  t h e  body of  t h e  s t r u c t u r c ,  

The s take dam w i l l  bo found vcry useful i n  cons t ruc t ion  vrork. 
Thc man hours required are  s m l l  and o r d i n a r i l y  superv is ion  w i l l  be a t  
a minimum. 

Rock Dam - Rectangular Spillway 

Refer t o  Figurcs  31 and 72, pagcs 113 2nd 14. 

Tho rock  dam as a s t ruc tu ro  i s  h ighly  rccomncnded f o r  usc i n  
c ros ion  con t ro l  i n  Wcst Vi rg in ia .  
vcry durable,  and i s  easy t o  cons t ruc t .  
cons t ruc t ion  i s  o r d i n a r i l y  ava i l ab le  cn cvcry  farm. Tho s t r u c t u r c  may 
bo b u i l t  of loosc  rack  cat t i re ly  i f  f l a g  rock  bo ava i l ab lc .  
type s tone must be usod it i s  r c c o m o n d e d t h a t  masonry s t r u c t u r c s  be  b u i l t ,  
bccause oxpcrionce has  i n d i c a t e d t h a t  l oosc  rock of a c i r c u l a r  o r  somi- 
c i r c u l a r  shape w i l l  not withstand a c t i o n  of running water  f o r  any length  

It i s  a. permanent type  of s t ruc tu re ,  
The ma te r i a l  en t e r ing  i n t o  i t s  

Whore boulder  
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of  t ime without toppl ing  o r  s l i d i n g ,  If t h e  f l a g  rock can be obtained 
and i s  l a i d  properly,  a l o o s e  rock darn w i l l  l a s t  i n d e f i n i t e l y .  I t  i s ,  
o f  course, important t h a t  t h e  f l a g  rock  be so placed t h a t  all j o i n t s  a r e  
broken and that t h e  whole s t r u c t u r e  w i l l  key toge the r  with each u n i t  
being held i n  place by weight from above, On very l a rge  g u l l i e s  with a n  
exkens iw watershed t h e  rock d m  i s  n o t  recomended, nor i s  it advisable  
t o  use it on a broad shallow gully.  

The f irst  process  i n  cons t ruc t ion  i s  t h e  digging of a d i t c h  f o r  
a Out-off wall. 
i nd ica t ed  on t h e  diagrams. Rock i s  then  placed i n  t h e  d i t c h  and a base 
provided f o r  t h e  t o p  layer .  
reached a l a y e r  o f  rock i s  placed severa l  f e e t  down stream and a t  r i g h t  
angles  t o  t h e  stream bed. 
a d d i t i c n a l  l a y e r s  a r e  added, wi th  each succeeding l aye r  placed two or 
t h r e e  inches up stream acc.ording t o  t h e  s i z e s  o f  t h e  rock. 
a r e  continued u n t i l  t h e  des i red  he ight  forming t h e  c r e s t  of t h e  spi l lway 
i s  reached. 
notch. 
i n  Figure 31, page 113. 
i n  place by d i r t  deposited.  Also t h e  tilt w i l l  t ake  care  of any se t t . l i ng  
down stream t h a t  may t a k e  place.  

The d i t c h  i s  t o  be dug according t o  s p e c i f i c a t i o n s  

A s  soon as t h e  t o p  of t h e  t r e n c h  has been 

From t h i s  t o e  layer ,  which i s  dug down, 

The l aye r s  

From then  on l aye r s  a r e  placed on each s ide  t o  form t h e  wei r  
A 1 1  rock should be l a i d  a t  an m g l e  t o  t h e  ho r i zon ta l ,  as ind ica t ed  

I n  sr  t i l t i n g  t h e  r o o k  t h e  s t r u c t u r e  w i l l  be he ld  

I t  w i l l  be noted t h a t  t h e  aprcn i n  t h e  rock  dam i s  an i n t r e g a l  
pn r t  o f  the  s t r u c t u r e  i t s e l f ,  In other  words t h e  e n t i r e  dam inc luding  
apron i s  b u i l t  as a un i t .  The f i n a l  tilt t o  t h e  rock dam should be  i n  
t h e  v i c i n i t y  ,y? 450. 
i n s t ead  of splashing over i n  n v e r t i c a l  drop. Not enough emphasis can 
be placed on c a r e f u l  plscement of t h e  rock  t o  form a l t e r n a t e  l a y e r s  
comprising a u n i t  t h a t  w i l l  be he ld  toge the r  by t h e  weight of water  and 
d i r t  above and behind it. The lay ing  of t h e  rock i s  very s i m i l a r  t o  
t h e  ccns t ruc t ion  employed on t h e  rock ove r fa l l .  

This xi11 al low t h e  m t e r  t o  walk down t h e  dam 

The f i l l  f o r  t h e  dam should cons i s t  of e a r t h  and brush we l l  
tamped i n t o  place.  '?here f ine brush i s  not  ava i l ab le  use broomsedge, 
straw, o r  similar ma te r i a l s .  The whole f i l l  should be w e l l  tamped, and 
sod s t r i p s  placed a l o n g  t h e  c r e s t  and wings of t h e  s t r u c t u r e  will a i d  
ma te r i a l ly  i n  preventing f a i l u r e s .  
cons t ruc t ion  of t h e  rook dam i s  n o t  according t o  t ha t  ind ica t ed  f c r  t h e  
o the r  dams. 

It i s  aga in  mentioned t h a t  t h e  apron 

The apron here  comprises t h e  body of t h e  dam i t s e l f .  

Time spent i n  looking f o r  s u i t a b l e  rock t o  be placed i n  t h e  
s t r u c t u r e  w i l l  be w e l l  spent.  A s tone h a m e r  should be on hand a t  a11 
t imes t o  be used i n  breaking rock t o  s u i t a b l e  s i ze .  

There are records  a v a i l a b l e  which i n d i c a t e  t h a t  t h i s  type  of 
s t r u c t u r e  w i l l  l as t  f o r  f i f t y  years  o r  more, so  it i s  s t i l l  a worth 
while s t r u c t u r e  i n  e ros ion  cont ro l .  
t h a t  where it i s  necessary t o  haul  rock long d i s t ances  for t h e  dam it 
may be  more eoonomioal t o  cons t ruc t  o the r  t ypes  of d m .  

As  a precaut ion  it i s  t o  be noted 



-115- Figure 31 

0 
t 

i 
I 

I 

l Q  

I , 
I 

i 
I 

! 

'0 

, O  

OLAN f 
FA 

S K T I O N  A-A 

NOTE-Dimenaims Appmx/mm'e 

-.-I , ..-- 



-14- Figure 72 

EUVATION 
' I 

- 



-115- 

Rock Dam - Curved Spillway 

Refer t o  Figure 33, page 117. 

I n  many cases it i s  p re fe r r ed  t o  use a rook dam wi th  a cumed 
spil lway i n  preference t o  t h e  notch w e i r  employed by some engineers.  
The curved spil lway gives t h e  advantage of spreading t h e  water  r-tier 
than concentrat ing it and rrould be des i r ab le  i n  a broad gully.  

The curved spi l lway dam has almost similar cons t ruc t ion  p r inc i& 
1 s  were employed f o r  tine weir notch tvoe. The onlv d i f fe rence  i s  that 

?S 

t h e  sp i l l&y is formed by bui ld ing  the-wings of th d m  higher  than  t h e  
middle a s  t h e  d m  progresses. 
of t h e  s t ruc tu re .  
suggested t h a t  t h e  rook used toward t h e  cen te r  of  t h e  curve be smaller  
t han  those placed on t h e  wings. 
before  men beoome p ro f i c i en t  i n  lay ing  a rock dam, bu t  once t h e  a r t  i s  
learned work progresses rap id ly .  

Upon completion t h e  s p i l h n y  w i l l  be a p a r t  
I n  order t o  produce a more s p i e t r i c a l  spil lway it i s  

It w i l l  t ake  considerable p rac t i ce  

I t  i s  not poss ib le  t o  give a m i t t e n  desc r ip t ion  of t h e  exact  
method t o  l a y  rock. 
mater ia l s  a r e  not  ava i l ab le  it will be impossible t o  t u r n  out  a good 
job, $0 another  type of s t r u c t u r e  should be se l ec t ed  or  masonry be em- 
ployed. 
apron being b u i l t  i n t o  t h e  main s t r u c t u r e  as ind ica ted  i n  t h e  previous 
d iscuss ion  f o r  t h e  rec tangular  weir dam. 
f i l l  f o r  t h e  rock dam c o n s i s t  of e a r t h  T j B l l  tamped. Sod s t r i p s  should 
be placed along the  c r e s t  and vrings of t h e  s t ruc tu re .  Please r e f e r  t o  
p lan t ing  and seeding i n s t r u c t i o n s  under P a r t  Five f o r  d e t a i l e d  ins t ruc-  
t i o n s .  

Experience must be t h e  teacher .  If s u i t a b l e  

The curved spi l lway rock d m  requ i r e s  no separa te  apron, t h e  

It i s  recommended t h a t  t h e  

Bag D m  

Sefer  t o  Figure 34 page 118. 

The bag d m  i s  t o  be used i n  very sha l la - r  svmles. It i s  merely 
a n  obs t ruc t ion  t o  ca t ch  s i l t  and debr i s  and t o  e s t a b l i s h  a s t r i p  of 
vegetation. 
f e r t i l i z e d  and seeded and a r e  then  t o  be plaoed i n  a very s h a l l m r t r e n c h  
dug a t  r i g h t  angles t o  t h e  l i n e  of f l o w  i n  t h e  smll g u l l y  being t rea ted .  
I t  i s  important t h a t  t h e  bags be f i t t e d  c lose ly  toge the r  and t h a t  t h e  
center  bag be placed lower than  those  i n  t h e  shoulders i n  order t o  
concentrate  flow of water  in t h e  center  of the gul ly .  
ava i l ab le  it i s  suggested t h a t  tho bags be t r e a t e d  wi th  some mc.terial 
t h a t  will prevent imm?diate decomposition of t he  burlap. 

The bags a r e  t o  he p a r t l y  f i l l e d  with e a r t h  w e l l  limed, 

There such i s  

Thc bag d m  i s  e a s i l y  constructed and should be widely used 
whorever gul ly  e ros ion  i s  s t i l l  moderate. If it i s  f c l t  t h a t  considerable 
water 7-611 f 1 a - J  over t h e  center  bag, it i s  suggested t h a t  an empty sack or  
two  be placed down s t r o m  from t h e  sp i l lvny  f o r  M apron. 
could be staked down and would be e n t i r e l y  adequate t o  care  f o r  average 
flovi. 

These eaoks 
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Sod Dam 

Refer t o  f i g u r e  34, page 118. 

The sod dam i s  u t i l i z e d  i n  conjunction wi th  t h e  bag dam. 
Ordinar i ly  it vil l  not  withstand as la rgo  a f l a w  as mill t h e  bag 
dam. Extremely shallm-r g u l l i e s  form an  i d e a l  s i t e  f o r  t h e  use of 
sod s t r i p s .  

Mater ia l  f o r  t h i s  dam c o n s i s t s  of sod s t r i p s  c u t  i n t o  lengths  
which m y  r e a d i l y  be handled by workers. 
i n t o  a bundle and t ranspor ted  t o  t h e  si te of construct ion.  Such s t r i p s  
should be c a r e f u l l y  cut.  
a r ea  where such operat ion might induce f u r t h e r  erosion. 
which t h e  sod i s  c u t  w i l l  vary wi th  t h e  type of sod used. 
should preferably be b u i l t  during e a r l y  spr ing  when rainfall  i s  
s u f f i c i e n t  t o  r e -e s t ab l i sh  the  sod. 

The s t r i p s  can be r o l l e d  

I t  i s  important t h a t  no sod be cu t  from an 
The depth t o  

Sod dams 

Where t h e  sod dam i s  used it i s  important t h a t  t h e  d i s t ance  

The s t r i p s  should fol low each o ther  about f i f t e e n  f e e t ,  
between successive dams be small, otherwise channel l ing w i l l  occur i n  
t h e  gully.  
depending o f  course on t h e  s lope of t h e  gul ly .  

Apron Deta i l s  

Refer t o  Figure 35 page 119. 

There i s  included herewith a drawing of an  apron ind ica t ing  
general  cons t ruc t ion  f ea tu res  appl icable  t o  a l l  temporary dams discussed 
excepting t h e  s take,  rock, sod and bag dams. 

I t  was f e l t  t h a t ,  due t o  t h e  r e l a t i v e l y  s h o r t  l i f e  of t h e  temporary 
s t ruc tu res ,  provis ions should be made t o  ca re  f o r  t h e  gu l ly  channel a f t e r  
t h e  s t r u c t u r e  has r o t t e d  away. h rock apron was decided upon, t o  be s o  
b u i l t  t h a t  it would perrranently hold t h e  f i l l  above the  dam even a f t e r  
t h e  d m m s  gcne. I t  i s ,  of course, assmd t h a t  vege ta t ion  w i l l  h a m  
become es t ab l i shed  a t  such a time. 

A s  ind ica ted  i n  t h e  f igure ,  t h e  apron should be b u i l t  ef f l a g  
rock placed i n  a l t e r n a t e  l aye r s  and extending t o  a t  l e a s t  two-thirds 
t h e  height  of t h e  spillumy. 
shape, thereby affording a d e f i n i t e  channel f o r  stream flow. 
rocks on t h e  apron a r e  t o  be dug f l u s h  with t h e  bed o f  t h e  channel. 

The whole apron should be  b u i l t  i n  a flume 
The t o e  
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_. 
Nhorevcr a continuous f l o w  of water i s  encountered it will bo neccssary 
t o  m k c  t h c  apron of masonry construction. 

.. rhen placing rock i n  t h e  apron it i s  important that all j o i n t s  
be broken and t h a t  tho rock  be t i l t e d  s l i g h t l y  i n  ordor t o  “key” t h e  
s t ruc ture .  

(3) Latcra l  Erosion - This type of crosion i s  prevalent  wherever 
vie havc channel c ros ion  and i s  found t o  a g r c a t c r  o r  minor degree, de- 
pending upon thc  s o i l  c h a r a c t e r i s t i c s ,  s lope of gully,  ex t en t  o f  watershed, 
c t c .  It appcars t h a t  vrhcn t h e  gu l ly  bod rcachcs a hard l a y e r  l a t e r a l  
c ros ion  begins t o  t a k e  i t s  t o l l .  Vcry f requent ly  t h c  small shoc s t r i n g  
type g u l l i c s  comprising l a t e r a l  c ros ion  evolve i n t o  primary g u l l i o s  and 
t h c i r  con t ro l  i s  thc rc fo rc  of g r e a t  importance. 

Ordinar i ly  prepcr  s t a b i l i z a t i o n  of a gul ly  channel w i t h  adequate 
vcgc ta t ivc  p ro tcc t ion  mill. prc-nnt  1atcrc.l e ros ion  t o  any marked dcgrce. 
b h r c  l a t e r a l  orosion oppcars t o  have g o t t e n  a good s ta r t  o ther  mcans 
m i l l  havc t o  be  uscd. 
bc adequate. 
s i l t i n g  r e se rvo i r  upon which vcgcta t ion  can  e s t a b l i s h  i t s c l f .  
whcrc l a t e r a l  c r c s ion  has doveloped i n t o  rogular  g u l l i e s  t h o  ordinary 
mcthods of  gu l ly  con t ro l  as covcrcd undcr (2) w i l l  have t o  bo uscd. 
rock r e t a in ing  w c t l l ,  (Rcfcr t o  Figurc 36 pagc 121) may be e a s i l y  ocn- 
s t ruc tod  and o r d i n a r i l y  may be  of a loosc rock type. It i s  important 
t h a t  t h e  wall bc  extendcd woll bclow t h c  surfacc of t h e  ground t o  prcvcnt  
undcrmining. 
supplemcntal con t ro l  mccsurc. Pa r t  Five t a k c s  up i n  d c t a i l  t h i s  angle of 
wcrk. Plcase r c f c r  t o  it f o r  f u r t h c r  discussion. 

.. 

I n  mnny ins tances  a small rock  r c t a i n i n g  v a l l  will 
The v ra l l  w i l l  ca tch  enough s i l t  t o  form a small bcnch or 

Of coursc 

The 

Adcquatc vcgc ta t ivc  c o n t r o l  must bc  r c s c r t c d  t o  as a 

Under c c r t a i n  cnscs of cxtromc latbral c rc s ion  it has bcen 
neccssary t o  usc d ivc r s i en  d i tches  t o  c u t  of f  hcad vmtcr as ~ C l l  a s  
t o  fcnco i n  t h c  are:>. Divcrsion d i t c h  cons t ruc t ion  has  beon prcvicus ly  
covcrcd, s o  1-611 no t  bc  undcrtakcn again. 

-E- 

Subsurf ice  Erosion Control S t ruc tu rcs  

Subsurface c ros ion  was proviously dcf ined under Part Two covcring 
It w i l l  b c  r c c l n s s i f i o d  f o r  c l a r i t y .  s o i l  considorations.  

111. Subsurfaoc Erosion 
(1) Shect Erosion 
(2) Channcl Erosion 

This type  of e ros ion  s t i l l  r equ i r e s  a groa t  dea l  of study bcferc  
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adequate con t ro l  can be,formulated.  The sheet  e ros ion  i n  severe cases  
w i l l  r c s u l t  i n  l a rge  s l i p s .  
by in t e rcep t ing  ground water  above t h e  impending s l i ~ p  o r  by  t i l i n g  f o r  
propcr drainage. 
Refores ta t ion  on such aroas f requent ly  so lves  t h e  d i f f i c u l t y .  

It would appcnr t h a t  such could-be  prcventcd 

Ordinar i ly  such procedure v d l l  be  far t o o  cost ly .  

Subsurface channelling, though d i f f i c u l t  of cont ro l ,  has far 
g rea t e r  p o s s i b i l i t i e s  than  has  shcc t  orosion. 
38, pages 122 and 123. Subsurface e ros ion  can r e a d i l y  be dotermined 
by a c r i t i c a l  observer. 
pos i t i ve  con t ro l  mcmuros because most of t h e  work must of necess i ty  
bc widcrne2.th t h e  ground. The rock s toppcr  dam s h a m  i n  t h e  drarsing 
w i l l  scrve t o  b r ing  t h c  subsurface vmtcr t o  t h e  surface of t he  ground, 

properly placed it \ - r i l l  t end  t o  s i l t  t h e  channel crodcd above. 
must be remcmbcred, ha;rcvcr, th-.t frequoattljr t hese  underground channels 
extend f o r  s evc ra l  hundrcd f e e t  up s lope and thereby b u i l d  up a tremendous 
hydros ta t ic  and hydrodymxlic water hcad. 
withstand a hcad of morc t h a n  t h r e e  or  fou r  f ee t .  
r c s u l t  i n  f a i l u r c  through secpage. 

Refer t o  Figures  37 and 

It is, of eourse, d i f f i c u l t  t o  a r r i v e  a t  

wherc it can be morc r e a d i l y  control led.  A l s o  i f  t h e  s t r u c t u r e  i s  -. 

It 

The o r d i n a r -  rock v m l l  w i l l  no t  
Greater head w i l l  only 

When “digging in”  t h o  dan it i s  importLnt t h a t  t h e  s t r u c t u r e  be 
cxtended f a -  i n t o  s o l i d  ground on c i t h c r  sido t o  prcvent wing mashing. 
Thc upstream face  of t h o  dam must be vcry w c l l  packed with f i n o  m t c r i a l  
such as stra-er and f in i shed  o f f  wi th  a l ayc r  of e a r t h  packed s o l i d l y  aga ins t  
t he  c thc r  f i l l .  In casc t h e  subterrancan channcl cxtcnds far up slope i t s  
lcngth  should bc brokon by digging through f r c a t h c  surface and plaoing a 
s t ruc ture .  

Cases havc bcen rccordcd whcrc o ld  g u l l i e s  o r i g i n a l l y  f i l l e d  wi th  
logs  placed long i tud ina l ly  have crodcd i n t o  subsurfacc channels, caused by 
thc  r o t t i n g  of t hc  l o g s ,  

As add i t iona l  information i s  obtnincd it w i l l  bc  possible  t o  
dcvelcp s t r u c t u r c s  t h a t  w i l l  mcrc m t o r i a l l y  c c n t r o l  t h o  typc of e ros ion  
r c fe r r cd  t o  i n  t h i s  a r t i e l c .  Thc cnginecr should bc continuously on t h e  
alert f o r  now deviccs that w i l l  a f fo rd  p r a c t i c a l  cont ro l .  

-F- 

S t r e a n  Control S t ruc tu res  

Because of t h e  f a c t  t h a t  scnc strcam con t ro l  work has  been and 
i s  being undertaken by tho S o i l  Conscrvation Service it was thought 
advisablc  t o  include some information rclativc t o  t h o  s t r>uctures  t h a t  
m y  be 3Jti l izcd i n  such work. Ordinar i ly  ?-;hat should be  dcnc i s  t o  
place tenporary c r  scmi-pcrmancnt s t r u c t u r e s  a t  m n t a g c  po in t s  along 
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stream banks. 
dms,  (2) j e t t i e s ,  ( 3 )  levcos, and (4) ear th  dams. 

and 128) a r c  sham i n  d e t a i l  on tho drawings. 
sa t i s fac tory  on sms.llcr s t r c m s  with mtershods  belavr 25,000 acrcs. 
Of coursc a grea t  dcal depends on t h e  sizc and density of the  rook 
a v a i b b l o  f o r  t h e  bulk of t h e  dam. O f  equal inportance i s  the prepcr 
plaocnent cf t h c  cribbing, which should be well anchored i n  t h e  s t r c m  
bcd. 
ginccr i n  conformity iisith t h e  strcm t o  bc vrcrkcd. 
vcry useful i n  conjunction with je t t ies  t o  s i l t  wid0 pockets along 
strcac: channels. 
a wing dam. 
w i l l  dcf lec t  strew' flow whcrc dcsircd and pro tec t  t h e  s t r e m  bank 
withcut cutt ing.  
befcrc a f i n a l  s i t e  i s  chosen. Nhcrc possiblc t h c  t i n b c r  u t i l i z e d  
should bc creosctod i n  ordcr t o  prescrve it a grecter  length of time. 

The s t ruc tures  u t i l i z e d  by Project #l3 include (1) wing 

(I). The wing dams ( r o f c r  t o  f igures  39 and 40, pages 127 
They have provcn vcry 

Tlic s izc  of s t ructuro t o  be uscd must bc dctermincd by the  en- 
Thc wing d m  i s  

Great car0 must be taken i n  locat ing thc  s i t e  f o r  
Tho s t ruc ture  should bo placod i n  such a mnncr  that it 

A map of the  area t o  bc worked should bc avci lablc  

( 2 ) .  The j e t t y  i s  a devicc rrhich has proven of  grcat m l u c  

J e t t i c s  should be used i n  conjunction 
i n  prcvcnting cxccssive erosion on strecm banks and in  helping t o  
f a c i l i t a t c  depositing of s i l t .  
with wing dms. 
Figure 41, pagc 129. 
i n t o  thc  s t r e m  t o  bc cffcct ivc.  
placed n t  r i g h t  anglcs t c  t h c  Fain currcnt  f low,  which generally places 
them perpendicular t o  t h e  s t r c m  bad:. 
must be well anchored, cthenrise tho j e t t y  w i l l  be mshed amy by 
f l o a t i n g  t rash.  

Thc construction pr inc ip lcs  involved n r c  shown on 
Ordinarily j c t t i c s  nccd not extend vcry far  

Thcy have maximum cff ic icncy \-$hen 

The posts uscd i n  construction 

(3). I n  many C E L S ~ S  t h c  construction of levees will rcprcsent 
a vcry worth while o u t l e t  f o r  n xork pregrun. 
form of f l o o d  protcct ion and have bcon uscd moro c f f e c t i w l y  f o r  this 
purpose than  any othcr f o r m  of c i t h c r  flood protect ion o r  f lood  prcvcntion. 
On the lowcr rcachcs o f  r i v c r s  thcy  r ssurc  t h c  only surc means of f locd 
control. 
placed a t  a varying distancc f r o m t h c  banks of a strcan t o  s c r m  as 
a r t i f i c i a l  banks during flood pcriods, i n  ordcr t o  protcct  bot ton land 
f rom evcr-flow. Construction featurcs are indicatod on Figure 42, pagc 
130. Before e i t h e r  construction or design i s  undertaken it i s  wcll t o  
m k e  an cxtcnsive study of t h c  problcs and t o  bccomc fami l ia r  with b c s t  
cnginecring pr-cticcs. 
withcut adcquatc equipmcnt. 

Thcy a r e  thc  oldest  kna-m 

A lcvco is i n  r c a l i t y  nothing moro than  a smll  oarthcn d m  

It i s  uselcss t o  undortake lcvec construction 

The spacing and hcight of levecs arc inter-dcpcndent. Lcvccs 
can bc made lm? and fzr a p a r t  o r  high and close together.  
ccononic standpoint t h e  locat ion would dcpcnd upon t h c  m l u o  of the  
land rcclaimed by flood prcvention. 

From an 

Thc enginccr should compute by t h e  
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ra t iona l  mcthod vhcrc possiblc tho mount of runoff thct  imst bc takcn 
carc of bcfcro hc makes final decision as t o  hcight and locat ion of tho 
lcvce. During construction t h e  cnginccr should supcrvisc carcful ly  tho 
building of thc  0ubn;hcnt  i n  ordor that sccpgc  w i l l  no t  l a t c r  takc 
plncc. It i s  importnnt t h a t  thc  s i t c  of t h e  lcvcc bc r - 0 1 1  olcancd bcforc 
any d i r t  i s  plnccd. In staking o u t  a lcvcc, sufficicmt allmmncc nust  bc 
mde for s o t t l i n g  which 1-611 takc placo as t h c  lcvcc i s  conplctcd. 
anount of s o t t l i n g  will dcpcnd on thc  m t u r c  of tho m t c r i a l ,  dcgrcc 
of  saturation, method of construction, and bcaring pcmr  of t h o  foundation. 
I n  gcncral, it i s  safo t o  assme settlcmcnt of  from twcnty t o  tmnty- f ive  
porc.cnt. For continued succcss it i s  iriportant t h a t  mintcnancc of lcvccs 
bc cnreful ly  mtchcd. 

(4). 

Tho 

Prcqucnt inspcctions arc neccssary. 

Earth 2ams afford a v a r i e t y  of uses bocause whcn propcrly 
designed, b u i l t ,  and minki incd,  they zrc c n t i r c l y  safc  and will l a s t  
indefini tc ly .  Thcy arc  l i t t l e  affcctcd by cxtrcmcs of tenpcrnturc a d  
arc ocononical whcrc sui table  rmtcr ia l s  f o r  t h c i r  construction a r c  closc 
at hand. Xost f a i l u r c s  f o r  car th  dam occur bccausc of  inadcquatc and 
impropcrly draincd foundations, inperfc.ct bond bctrvccn f i l l  m d  tho 
surface on which it i s  placed, poor  m t c r i a l s  76th inpropcr scgregation 
or consolidation of r; t tcrials,  insuf f ic ien t  bulk t o  provide against  
s l id ing ,  poor protect ion of aido slopes ngzinst crosion, placing of 
extraneous m t c r i a l  i n  t h c  dam. In mking a f i l l  the  cnginccr should 
spccify a i m t c r i a l  t h a t  T r i l l  give su i tab lc  mixturc, cspccial ly  i n  t h c  
core w a l l  i f  one bc uscd. A rcconncndcd rnixturc would include t c n  p r t s  
of coarse gravcl, throe p a r t s  of f i n c  gravcl, four p a r t s  of sand gravel, 
and ti-fc p a r t s  of clay gravcl. 

Ec.rth da is  m y  be uscd f o r  rcscrvoir  s i t e s  o r  f o r  inpounding 
Thc cnginccr should mkc a cnrcful  study of 311 conditions streams. 

involvcd similar t c  that uudcrtakcn f o r  a lcvec. 
supervise thc  construction of  t h c  dm. 
rcnenbcr i s  t h a t  the  foundation should bc carcful ly  and aonscicntiously 
prcparcd. 
f i v c  inches t o  obtcin 2.dcquatc bond. 
131, f a r  additiono.1 construction pointcrs. It i s  important t h a t  adequate 
cquipmnt bc avnilablc bcforo such l a r g o  construction i s  undcrtakcn. 

Hc should personally 
A vory important point t o  

All cxtrancous grmkh m s t  bc rcnovcd t o  a dcptli of f o u r  o r  
Plcasc rc fcr  t o  Figure 43, page 

S o m  s t r c m .  control has bcen undcrtakonthrough channel inprovc- 
mcnt. 
very detai led study i s  m d c  of  t h c  problems involved. 
irnprovcmcnt as a sole  means of flood protection i s  applicable only t o  
s m l l c r  strcclms. 
benef i t  thc  hand above tho imprcvcmmt and most of t h e  land along the  
irnprovcmcnt i t s c l f .  
instcad of bencfit tcd.  
of cut-cffs i s  generally not j u s t i f i a b l c  i n  larger  s'crcms. 
s r m l l  s t r c m s  should bc wcrkcd if t h i s  nothod of flood prc tcc t icn  be 

Such nark is gcncrally cos t ly  and r c s u l t s  a r c  doubtful unless p 
Ordinarily, channol 

Thc straightening of a portion only of a s t r e a n  w i l l  

Tho land a t  tho la-fer cnd w i l l  gcncrally be dkmgcd 
Thc c l i n i n a t i c n  of ox-bow bcnds %hrough t h e  use 

Only thc  
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cnployed. 
t o r  tho smll streams is obtxinod by c l c d n g  out tho channel i t s e l f ,  
i.c. rcnoving m t c r i a l  t h a t  i s  choking tho s t r c m  bod, cutt ing out 
t r ees  and 7~rillms ju t t ing  in to  tho strcm, e tc .  It has boon reported 
th2.t i n  tho caso of small stroans it frequently happcns that  tho 
efficiency of  tho c b c l  can be increased from one-third t o  one-half 
by clearine tho banks and removing f a l l c n  t rees ,  snags, and sand bars,  

The highest pcrccntago of offcctivenoss on stream control 

Tho discussicn on s t r e m  control w i l l  be closed with this 
f i n a l  suggestion t h a t  bcforc any problcnbc undcrtakon, a conplctc 
survey should bo made and the various factors  cntcring be careful ly  
considered and wighod. 

P 
-G- 

Farn Haul Roads 

0 

Poor mctnagement i n  the placei.:ent of haul roads f o r  l i gh t  
mchincry has resulted i n  a great doal of unnecessary erosion. A b o s t  
evcrjr f a r m  i n  Test Virginia has indications of such crosion. 
cases acres upon acres of land have bccn.abmdoned j u s t  because a haul 
road vras plzced whcrc maxima erosion rcsultcd. 
use a haul road o r  skid road u n t i l  it ans so deeply cut down t h a t  mother  
road had t o  bo placod alon&dc. The other road vas then  used u n t i l  i f ,  
too, had t o  be cvontually abandoned. These old rcads, of course, continuo 
t o  crodo, some t o  the extent of foming gullies mny f e e t  i n  dopth. 

In many 

Practico has been t o  

fi l i t t l c  j u d p n t  i n  placing the haul road nil1 ordinarily fore- 
s t a l l  effect ive erosion, 
and the principle applies t o  h u l  roads as  all as t o  a Class A pvoment. 
There has been given on Figure & page 133, two mcthods f o r  controll ing 
erosion on a b.ul road. 
conditions of the s o i l  and terrain.  The s o i l  conservation cnginccr can 
wll afford t o  spend considerable t i n e  instruct ing farmers on proper road 
building because he w i l l  thcreby prevent many times more mork i n  t h e  
futurc.  Almost any recoraafrssmcc survey i n  the  f i e l d  w i l l  bring t o  
l i gh t  t o  a c r i t i c a l  observer examples of short s t re tches  of haul roads 
t h a t  cppcar t o  be i n  A-1 condition. 
bcccnes app-rent t h a t  'chose stretches of road m r e  so placed t h a t  m t e r  
could not aecunulatc i n  any large mounts, and thcroby channelling T r y  
eliminated. 

Thc secret  of  road building i s  adequate drainage 

The method usod w i l l  be dctcmincd by t h e  general 

Upon careful scrutiny it usually 

The figure above mentioned i s  self-explanatory so no fur ther  
de t a i l  V v i l l  bc givcn. 
problens i n  thc  f i e ld ,  becauso generally they wry with the  area i n  which 

Tho engineer must solve the m j o r  number of h i s  

0 they a rc  located. 
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-- Spring Imp-ovement 

Refer t o  Figure 45, page 135. 

On Pro jec t  #l3 l i ves tock  rziising i s  t h o  n c s t  important ag r i -  
c u l t u r a l  c n t c r p r i s e  a t  t h c  present  timc. 
i s  irA pcmlcncnt pasturc  and evcry a m i l n b l c  m t c r  supply f a r  l i v e s t o c k  
i s  a paramount f a c t o r  i n  l ives tock  r a i s ing ,  bccnusc an  abundance cf good 
pnsturc grass  i s  or" no usc f o r  grazing without a rntcr supply. 
year!; hnvc indica ted  t h a t  we l l  developed spr ing  m t c r  suppl ics  f o r  shecp 
and c a t t l c  vrould be  very bcnc f i c i a l .  

Apprcxirmtely 50% of t n c  a rca  

Drought 

Wcttcr suppl ics  have bccn reduced t o  t h c i r  p resent  status by 
removal of forests, by drainage of land, and by i n j u r y  t o  spr ings  causcd 
by s tock  trampling. Frcquently during past years stoclancn havc boen 
campcllcd t o  dr ive  t h e i r  s tock  f o r  a ccnsidcrable  d is tance  t o  water,  o r  
t o  pmp it f romwcl ls .  
around twenty hcnd of c a t t l c  and whcn it i s  considored t h a t  t h o  avcrago 
cow drinks about hvcnty ga l lons  of m t c r  pa r  day it m y  r e a d i l y  bc  scan 
'i<Q tho a v c r a p  undcvolcped spr ing i s  d e f i c i c n t  i n  momit  o f  m t c r  
produccd. 

It i s  n o t  uncommon f o r  a farmer t o  pcsscss  

From t h c  abcve ccnsiderxt ion it would nppoar j u s t i f i a b l o  t o  do 
ccnsiderablo spr ing irnprovomcnt on tho  farms needing it, 
ncnt  ncod iict ncccssa r i ly  requi re  c1 l a rge  outlay of cash whorc rocks, 
posts,  and poles a r c  avai lablo.  
c r  tank, and scvcra l  lcrigths of pipe -;?ill usual ly  suf f ice .  
expensive concrctc job is dcs i rcd  t h o  i n i t i a l  c o s t  i s  g rca t e r ,  bu t  a 
p o m n o n t  job i s  had. t n a t  i s  dcpcrdablc f o r  twonty o r  t h i r t y  years. 

Such improve- 

A few sacks cf c c m n t ,  a s t o o l  b a r r o l  
Whore il i o r c  

No d e f i n i t e  r u l o  can bo mndc f o r  construct ion,  as each spr ing  
w i l l  be a s o p r a t e  prcblcrn duc t o  slopc,  typo o f  s o i l ,  l oca t ion  of rock  
strcta and m c u n t  of vnter. The fol lmring rccomcndatioiis are mdo  f o r  
rock s t r u c t u r c s  vhcrc l a rgo  cxpcnsc i s  n o t  invclvcd b u t  v h r c  m t c r  
supply w i l l  bc sa t i s f ac to ry :  

1. The banks should bo dug cut  far cnough t o  dctcnninc t h c  
s p r i x  c u t l e t  - i p p r o x i m t c l y  fou r  f e a t .  
bc uscd f o r  t h c  b a s i n  i f  pcs s ib l c  and bui ld ing  rock  and imsonry t o  p ro tcc t  
2.11 s idos  of t h c  spr ing.  

Thc n a t u r a l  rock strata should 

2. Where t h e r e  is danger of t h c  s o i l  caving i n  on t h c  spr ing 
a t  t h c  o u t l e t  a rock r c t a in ing  v r n l l  should bc included. 

3. 
t o p  of t h c  s t r u c t u r c  t o  keep t h o  b a s i n  cloar. 

A l a rge  rock or  s l ab  of  concrctc should bc placed ovcr t h e  

0 
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4. The s t r u c t u r e  should be  completely covered over  n i t h  s o i l  
t o  prcvont l ives took  from being a t t r a c t e d  t o  t h e  spring. 

5. Tihere s tock  t ra i l s  load ac ross  and above t h e  spr ing,  a polc  
or wire fcnce should be used t o  exclude t h e  area from pasture .  

6. The o u t l e t  pipe should be  buried o r  p ro tec ted  t o  prevent 
stccr from breaking it down and t o  f o r e s t a l l  f rcez ing ,  

7 .  The area s t i r r e d  up should be seeded t o  c lose  growing 
cover g a s  s e s . 1 

I 

Wiherever dynamite i s  resor ted  t o  f o r  opening a spr ing  it should 
be remembered t h a t  utmest cau t ion  must be used. 
coi-!7.pletely ru ins  spr ings f o r  f u r t h e r  use by sca l ing  t h e  m t c r  bear ing  
strata. 

Dpami t ing  f requent ly  

Please r o f c r  t o  t h e  f igu re  on spr ing  improvement a s  a nucleus I 

f o r  construct ion.  
' 0  

- 1 -  

P a ~ n  b s e r v o i r s  

The cons t ruc t ion  of  small resorvoi rs  f o r  f n r n  usage appears t o  
be a very worth vvhile endeavor. 
which i s  hard t o  c m l m t e  i n  d o l l a r s  m d  cents .  The r e s e r v o i r  w i l l  servc 
many purposes, mcng which may be included: 

Water f o r  s tock  during dry per iods 

Such r e s e r v o i r s  have an i n t r i n s i c  value 

1. 
2. I r r i g a t i o n  ( in  some cases)  
3. Kcc rca t ioml  f a c i l i t i c s  
k. iifild lift conservation. 

Tho enginccr m&kirlg a survey should use tho utmost care i n  
rletemining and ovaluuting thc miiy f a c t o r s  en te r ing  i n t o  such a 
cons t ruc t ion  unit. 
e a r t h  dam and. lsvee construct ion.  
it w i l l  cndsnger l i f e  i n  case of' fail i ire.  
i n  t h e  seloc-tion of t h e  r e se rvo i r  s i t e  because s o i l  c h a r a c t o r i s t i c s ,  
r u m o f f ,  impervious s t r a t a ,  m t c r i a l s  avni lab lc ,  cqu-ipment ava i l ab le ,  
yca r ly  evaporation, and d c m d s ,  d l  must be considcred. 

The f a c t o r s  involved p a r a l l e l  c losc ly  thost: f o r  
No r e sc rvo i r  should be placcd where 

Utmost carc  must be  u t i l i z c d  

Plcaso r c f c r  t o  Figure 43, page 131, m d o r  P (Strcam Control 
S t ruc tu rcs ) ,  v%ich takes  up i n  d e t a i l  t h e  construct ior ,  of o a r t h  dams 
'xhich o r d i n a r i l y  a r c  u t i l i z e d  t o  c roa tc  rcscrvoi rs .  
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Terraces 

Terraces,  genera l ly  spcaking, arc f l a t  bottom d i t ches  with broad 
r idges  of s a i l  belavi, placed nea r ly  ho r i zon ta l ly  around cu l t i va t ed  h i l l -  
s ides  and s lopes,  t o  ca tch  runoff water before  it cdn b u i l d  up des t ruc t ive  
ve loc i ty .  
has accumulated betmeen t h e  t e r r a c o  l i n e s ,  Size,  l ength  and grades of 
t e r r a c e s  and prcper d i s tances  between t e r r a c o s  and t c r r a c e  o u t l e t s  are 
matters  O f  engineering design and depend upcn the type of s o i l ,  amount 
of rainfall, slope of f i e l d s ,  cropping p rac t i ccs  and types of farming 
machinery used. 

Each successive t e r r a c e  c a r r i e s  i t s  share of t h e  m t o r  which 

Terracing has  been employed i n  t h e  south f o r  mny years .  
been gradual ly  developed t o  s u i t  modern f i e l d  c u l t i v a t i o n  and i s  regarded 
as one of t h e  e s s e n t i a l  f i e l d  p rac t i ces  used t o  con t ro l  e ros ion  on s loping 
f i e l d s  during t h e  months when in t ense  r a i n s  f a l l  on a s o i l  loose  f r o m  
cu l t iva t ion .  

It has 

According t o  r e l i a b l e  au thor i ty ,  ”A good job of t e r r a c i n g  cos t s  

Terracing 
approximately t h e  sane as a good job of plowing. 
maintenance cos t  adds bu t  l i t t l e  t o  t h e  annual plcming cost .  
as a f i e l d  p rac t i ce  should be acoonpanicd by contour plowing, p lan t ing  
and c u l t i v a t i o n  and t h e  use of such so i l -bu i ld ing  m d  soi l -holding crops 
as can be grown most s a t i s f a c t o r i l y  i n  a r o t a t i o n ” ,  

Once c o r r e c t l y  done t h e  

Up t o  t h e  present  time no  to r r ac ing  work has  bcen attempted on 
Pro jec t  #l3 because of unsui tab le  t e r r a i n .  
work i s  planned i n  West Virgin ia  it was f e l t  that t e n t a t i v e  recornendations 
should be made i n  regard t o  t e r r a c i n g  operat ions i n  order  t o  be  prepared 
t o  design and lay out t e r r a c e s  ?$hen and where needed. A general discussion 
and recommended p rac t i ces  fcllovr: 

However, s ince  some t e r r a c i n g  

0 

0 
Terracc Cross Sect ion  

The mangum o r  broad base t e r r a c e  has  t h e  fol lowing c h a r a c t e r i s t i c s  
and i s  recommended f o r  t h i s  area: 

1. It must be h igh  enough t o  hold i t s  c e r t a i n  amount of runoff 
water  from the  heavies t  r a i n s  wi th  reasonable sa fe ty .  

2. It must be broad enough s o  t h a t  farm t o o l s  can be worked 
over it without  undue s t r a i n s  on t h e  t o o l s  or dnmage t o  t h e  t e r r a c e .  

There must be ample d i t c h  capac i ty  i n  t h e  channel on t h e  3. 
upper s i d e  o f  t h e  t e r r a c e  t o  t ake  ca re  of t h e  runoff water.  

0 
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The mangum torrace cross section gives the requirements and is 
tentat ively adopted f o r  use i n  the State of West Virginia. 

Diagrams 1 and 2 on pages 139 and 140 give approximate 
dinensions and eonstruotion steps t o  be followed i n  making t he  terraoe 
on lands under 12% and on those with slopes i n  excess of 12%. The 
dinensions given are,  of course, t en ta t ive  but have becn carcful ly  
selectod and should thercfore form the s t a r t i ng  point f r o m  which 
fur ther  developments may be mde. The cuts indicated i n  the  diagrams 
are f o r  about a nine f o o t  t e r raccr  blade and not f o r  sm11 equipment. 
It i s  believed t h a t  tho  more economical and sat isfactory method of 
terrace cons t ruo t ionwi l lbe  through the use of heavier cquipment. 
When small plcws and s l i p  $drapers are used t h e  tendency i s  t o  hold 
up tho job and inadequate terracos resul t .  
been recorded fromthe small unit job than f r o m  any other. 
must have a broad ridge t o  withstand excessive va te rs  and such a ridge 
i s  hard t o  bui ld  vrith srall equipment. 

More terrace f a i lu re s  have 
A te r race  

Terrace Grades 

In order t o  carry excess runoff water a te r race  must have a 
grade or drop toward the terrace out le t .  Thc grnde of a te r race  refers  
t c  i t s  drop  i n  100 f e e t  of  length and may be f l a t ,  uniform o r  variable, 
depending upon the  section of t he  country, A var iable  grade terrace i s  
adapted t o  t h i s  area, with the grade wrying f rom f l a t  t o  a maximum Of 
four inches per hundred f eo t  a t  t he  out le t ,  depending upon the length 
of terrace.  

The follcving recommendations made by C. E. Rmser, Senior 
Drainage Engineer, U. S:Deprtment o f  Agriculture, w i l l  be used on 
this  project: 

Table -9- 
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Tcrraces lcngcr thnn 1500 f o o t  should ordinarily not bc uscd. 
Where it i s  ncccssary t o  have terraces  lcngcr than t h i s  it i s  bcs t  t o  hzm 
an cu t lc t  a t  both cnds of tho tcrracc.  
-mticn of  mcisturc, loss  runoff and require f c m r  outlets.  Hmrcvcr, thcrc  
i s  n l i m i t  t o  length bccausc of channcl capacity i n  rogcrd t o  rz ic f f  m t c r .  

Lcng tcrraccs  give bc t t c r  conscr- 

It h s  bccn rcccrded t h a t  s o i l  lcsscs  f o r  r̂ . 6" tcrracc grcdc 
crc f ivc  timcs as Great as for  a lcvel  terracc and th rcc  t i n c s  as g r o a t  
3s f o r  a 2" gradc. 
rcccrded for a uniform grade torracc t h m  f o r  a mr iab lc  gmdc tcrraco. 

In ccnfcmity mith t h i s ,  highcr s o i l  lcsscs hzvc bccn 

Terraco Spacing 

Terracos nust bc spaced clcsc cnough sc  that cach torracc w i l l  
take care of tho water t h a t  falls o n  tho arcn it prctcots. 
distancc, or drop, b.etwccn torraces dcpcnds principally upon. t h o  slcpc of 
thc  land. 
tho h i l l s ide  bctwecn then w i l l  dcvclcp suf f ic ien t  w l m c  znd vclcci ty  t o  
cause vnshing. 

Tho vcr t ica l  

If tho tcrraccs  arc too f a r  apart, m a o f f  r n t c r  ;loving dmm 

Rocomendations as k o  ver t ica l  and h c r i z c n t d  spacing arc  n s  
f e l l  crm : 

Table -10- 

Drop o r  vcr t ica l  distancc between tcrraccs  
L 

Horizontal dis t incc Vcrtical  d i s tmcc  or 
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of by c lose  growing crops o r  r c fo rcs t a t ion .  The diagram iiicludcd i n  
Figurc 46, pigo 143, ind ica tos  proper ncthod f o r  dc tc rn in ing  t e r r a c e  
i n t e r v a l  slopes.  

Tcrracc Outlets  

Probably tho  S iggcs t  problcn i n  t e r r a c i n g  vrcrk i s  providing 

Natural 
suitab1o o u t l c t s  f o r  t h c  t e r r a c c s .  
o u t l e t s  should bc dccidcd upon bcfcre  t h o  systcm i s  b u i l t .  
vmtcr courses arc b c s t  and should bc used vrhencvcr possible .  
pcrnancnt pasturcs  a r c  vcry good t c r r a c c  o u t l c t s  whore vcgc ta t ion  i s  
s u f f i c i e n t  t o  hold tho  s o i l .  
are riidc onough. Bowover, i n  most cases  it w i l l  bo neccssary t o  usc 
a r t i f i c i a l  o u t l e t s .  If t h c  slcDe of  t h e  a r t i f i c i a l  channcl i s  such as 
t o  produce a v e l o c i t y  of cvcr 2& foo t  per socond tho channel must be 
prc tcc tcd  by s t ruc tu ros  c r  ScCding, o r  both. As far as sceding t h e  cut- 
l o t  d i tches  i s  ccncorned, t h e  i d e a l  s i t u a t i o n  wculd bc t o  cons t ruc t  and 

s t rue t ion .  This,  o f  course, i s  impossiblc i n  tho major i ty  o f  C ~ S C S .  

I n  o u t l e t s  protected by vegeta t ion  t h e  vc loc i ty  should nevor cxcecd 5 
f c c t ' p c r  second. 
quircd c o s t  e s t i n a t c s  covoring f cas ib lo  nethods of p ro tec t ion  should 
bc made i n  c rdcr  t o  dc tc rn inc  tho  nost economical methods t o  USC. 

In l ay ing  out  a t c r r a c c  s y s t c n t h c  

Wocds o r  

Sod rav incs  i n  f i e l d s  m y  be used if they  

secd the  o u t l c t  channels a yoar or .  two prcvious t o  t h c  tcrr,. -00 con- 

On s toop  s lopes vrhcre p o m n c n t  pro tec t ion  i s  r e -  

S teps  i n  t h e  dosign of a t e r r a c e  o u t l e t  a r c  given undcr Type 
Problem No. 2, pwgo 5 3 .  

Figurc 47, pagc I.&, showis mcthcds of holding t e r r a c e  c u t l e t  

In  s o m  cascs  it i s  neccssary t o  bu i ld  o u t l e t  d i t ches  i n  a 
Adequate aprons 

d i tchcs  by use of  sproader boards. 
masonry. 
s e r i e s  o f  s teps ,  through t h e  use of masonry checks. 
must be provided i f  t h i s  i s  done. 

The sprcadcrs  nay a l s o  bc b u i l t  of 

ha in t a in ing  Terraces 

Refer t o  Figure 46, page 4 3  and Figure 48, page 45 .  

Terrace maintenance i s  an important phase of successfu l  t e r r a c e  
operation. 
t e r r a c e .  
a t  once. 
It i s  important t h a t  per iodic  i n s p e c t i o n b e  given t e r r a c e s  i n  order t o  
keep them i n  good working condi t ion,  
should be c a r r i e d  on with t h e  f o l l a i i n g  poin t  uppermost i n  mind, namely, 
preserve t h e  t e r r a c e .  

A l l  c u l t i v a t i o n  should preferab ly  be done p a r a l l e l  t o  t h e  .. ':henever lovr p laces  a r e  found i n  a t e r r a c e  they  should be  f i l l e d  
A l l  breaks should be  repaired immediately a s  they  a r e  discovered 

Plan t ing  and c u l t i - a t i o n  of crops 
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Laying Off Terraces 

0 

" Q  

The following procedure i n  laying off terraces  i s  t h a t  given 
i n  Farmers Bulletin No. 1669, Department of Agriculture, with s l igh t  
modifications: 

, 

"In laying off a system of terraces  it i s  f irst  necessary t o  
provide f o r  suitable outlets. Where necessary, ou t le t s  should be placed 
a t  both ends of the terraces.  This divides the i n t e r  of the f i c l d  and 
gives each terrace the minimum quantity t o  handle. Short terraces  are 
less l ike ly  t o  break than long ones and me, theroforc, more desirablc. 
Yet it i s  conceded t h a t  out le ts  arc rcsponsiblo f o r  a grcat deal of 
erosion. Their number should bc kept at a minimum as  thoy are  alvnys 
c 0s  t l y  . 

When a draw o r  depression occurs near the middle of the f i e l d  
it i s  dcsirablc t o  begin the terraccs  i n  the draw, so  as t o  avoid building 
a high embankment such as vrould bc required for  carrying the water across 
it. 
the drayr. 
out lc t  where suitable out lc ts  are not available a t  the border of tho f i e ld .  

O f  ccurse, the poss ib i l i ty  of doing t h i s  depends upon the  s ize  of 
Sometimes it i s  found necessary t o  use such a drav as a terrace 

It i s  alvnys best  t o  lay out the uppermost te r race  first.  A 
s ta r t ing  or  referonce point f o r  t h i s  tcrracc should f i r s t  be fixcd by 
measuring dovrn the  proper ve r t i ca l  distancc f romthe  top  of t hc  h i l l  o r  
the highost point i n  the f ic ld .  If a torracc midvmy dovmthc slope i s  
l a id  out first, and a point f r o m  which t o  s t a r t  i s  seloctcd a t  random 
without respect t o  the top of t he  h i l l ,  the chanocs arc t h a t  thc upper 
terrace vill drain c i thcr  t o o  largc or too  a l l  an area. 
t o  drain t o o  lzrgc an area - which i s  a very commcn mistake i n  terracing - 
the excessively lcrgc volume of drainage water generally breaks the upper 
terraoc, and usually all cf tho terraces  bclov are thon broken i n  turn. 
If the upper par t  of a h i l l  bclongs t o  a neighbor an c f fo r t  should be mndc 
t o  inducc him t o  terrace it. Othemiso it rrill be necessary t o  dig a 
h i l l s ido  divorsion di tch or a embankment along thc  upper side of t he  
f i e l d  t o  intercept the vntcr  draining from the neighboring farm above. 

If it i s  made 

-.. 

The f i e l d  vcrk required i n  laying off a system of Mangum terraces  
with variable grade i s  as f o l l w a :  
midmy be t?cen thc  ends of the uppermost terrace,  and high cnough so 
t h a t  Trhen it i s  level  t he  l i nc  cf s ight  w i l l  bc above thc  highest point 
i n  the field.  
and read thc  rod there m d  a lso  a t  a point.50 f c c t  d i rcc t ly  down the 
slope. 
slopc of t he  land i n  100 f c c t  bctwcen those two points. 
page 41, find the recommended vor t ica l  distancc, o r  drop, betvrcon tcrrsccr 
for  t h a t  slopc. 

Set thc  leveling instrumont about 

Havc an ass i s t an t  hold a lcvcl rod on t h i s  highest point, 

Twice the difference bctwecn thc  rod readings obtained i s  the 
From Tablc 10, 
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Example: Rod reading a t  t o p  of f i e l d  1 f o o t  
5 f e e t  
4 f e e t  

8 f e e t  

Rod reading 50 f e e t  dawn t h e  s lope 
Difference i n  rod  readings 
Twice t h e  d i f f e rence  i n  rod readings o r  

s lope of land  in 100 f e e t  

According t o  Table 10 t h e  v e r t i c a l  d i s tance ,  o r  drop, between 
t h e  t o p  of  t h e  f i e l d  and t h e  f i r s t  t e r r a c e  i n  t h i s  case should be 4 
fee t .  

S e t  t h e  t a r g e t  on t h c  rod  a t  5 f e e t  (which i s  4 f e e t  abow t h e  
rod reading a t  the t o p  of t h e  h i l l ) ,  
t h e  h i l l  unt i l  t h e  l i n e  of s i g h t  through t h e  te lescopc  s t r i k e s  t h e  ocnter  
of t h e  t a r g e t .  The poin t  t h u s  loca ted  i s  4 f e e t  belaw tho t o p  a d  thcre-  
fo re  i s  t h e  s t a r t i n g  poin t  on t h e  f i r s t  t e r r a c e ,  provided an c u t l e t  i s  
ava i l ab le  a t  each end. 

Have t h e  rodman move t h e  rod dovm 

F r o m t h i s  po in t  l oca t e  t h e  l i n o  of t h e  t e r r a c e  i n  bo th  d i r ec t ions ,  
giving it t h e  grade shown i n  Table 9. 
t a r g e t  a t  5 f e e t  plus one-fourth inch  ( i n  t h e  oxamplc above), moves 50 f e e t  
along t h e  s ide  of t h e  h i l l ,  and i s  d i r ec t ed  up or dwm t h e  s lope by t h c  
man a t  t h e  instrumcnt u n t i l  t h e  l i n c  of s i g h t  through t h e  instrument 
s t r i k e s  t h c  cen tc r  of t h e  t a r g e t .  The poin t  on which t h e  rod r e s t s  i s  
one-fourth inch b e l a i  t ho  s t a r t i n g  po in t ,  The rod i s  now c a r r i e d  50 f e e t  
f a r t h e r  and t h c  t h i r d  po in t  loca ted  i n  t h e  same manner. In accordance 
with Table 9, a f t e r  t h e  f i r s t  300 f e e t  of t e r r a c e  has bocn loca ted  t h e  
t a r g e t  should be r a i sed  one-half inch  ( in s t ead  of on&-fourth inch)  f o r  
each 50 f e e t ;  a f t e r  600 f e e t ,  1 inch; a f t e r  900 f c c t ,  l$ inches;  and 
a f t e r  1,200 f e c t ,  2 inches,  t o  t h c  end of t h e  t e r r a c e .  A t e r r a c e  should 
not  car ry  m t c r  more than  1,500 f c c t  i n  one d i r o c t i o n  i f  it can be avoidod. 
If a longer  t e r r a c e  i s  nocessary t h c  grade should not  be increased  above 
2 inches i n  50 f e e t ,  bu t  i n s t ead  t h e  lovrcr end of t h e  t c r r n c e  should be 
b u i l t  t o  e x t r a  he igh t  t o  t a k c  care  of t h e  oxcess watcr.  

To  do t h i s ,  t h e  rodman s c t s  t h e  

A f t e r  t h e  uppcrmost t e r r a c c  has been loca tcd  f r o m t h o  middle of 
t h e  f i e l d  t a m r d  one o u t l c t ,  t h e  ncx t  s top  i s  t o  l o c a t e  the other  half 
of t h i s  t e r r a c c  i n  exac t ly  t h c  same manner. 

Somctimes it i s  impossible t o  provide an o u t l e t  a t  each end of a 
dividcd t e r r a c e ;  it i s  t h e n  necessary t o  c a r r y  a11 t h e  w a t o r  t o  an c u t l e t  
a t  one end. Under such condi t ions  t h c  t o r r a c e  should not  exceed 1,500 
f e e t  i n  length  unlcss  t h e  lower  end i s  givcn an e x t r a  hc ight  a s  before  
mentioned. 
cated on t h e  t e r r a c e  l i n e  was 5 fee t .  Usc t h i s  as a refercncc  poin t ,  
al though it m y  not  prove t o  be  exac t ly  on t h e  t e r r a c c  l i n e  becausc i n  
t h i s  case loca t ing  s tar ts  a t  tho  edgo of t h o  f i e l d .  Lower t h c  t a r g e t  
4 inches and have t h e  rodman c a r r y  t h o  rod t o  t h e  edgo of t h e  f i e l d  a t  

In tho  abcve examplc t h e  rod reading on t h e  f i r s t  poin t  lo- 
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the upper end of the proposed te r race  and move it up o r  dmM the slope 
until the l ine  of s ight  through the instrument s t r ikes  the  center of  
the t a r g e t  on the  rod. 
and i s  4 inches higher than the reference point. The purpose of 
s ta r t ing  the te r race  4 inches higher than the reference point i n  the  
middle of the f i e l d  i s  t o  insure t h a t  the terrace l i n e  shall. pass close 
t o  the reference point i n  the  middle of the f ie ld .  
since the terrace l i n o  continually f a l l s  - t h a t  i f  it vrerc s ta r ted  a t  
the same e lemt ion  as that of t h e  roforence point, the  l i ne  would f a l l  
below tho referonce point by the t i n e  the  middle of t he  f i e l d  is reached. 
The terrace can now be l a i d  off by ra i s ing  the  t a rge t  cach 50 f c e t  exactly 
as described i n  the previous example. 

This i s  the s ta r t ing  point f o r  the te r race  

It i s  evidont - 

Before s ta r t ing  t o  locate the soccnd terrace,  t he  slope of the 
land should again be measured. 
terrace about midway betweon i t s  ends. 
the slope and read tho rod a t  t h i s  point.. 
t o  rese t  the instrument fa r ther  down the h i l l  before t h i s  can be done. 
If tho instrunent i s  movcd, both readings must be talccn from the  new 
Position. 
Table 10 t o  f ind  the proper ve r t i ca l  drop between the terraces  f o r  t he  
nclT slope and proceed i n  the same manner as  Nith the f i r s t  terrace.  

Read the rod  a t  a point on t h e  f i r s t  
Measure 50 f e e t  d i rec t ly  d o m  

It w i l l  sometimes be necessary 

Having determined the  slope of t h e  land, r e fe r  again t o  

I n  torracing wcrk distances a re  mcasured by p c i n g ,  I n  pacing 
the distances the  rodman should t r y  t o  estimatc a~ nearly as  possible 
where the next point w i l l  bc, and when directed up o r  down t h e  h i l l  by 
the lcvelman should keop the proper distance f r o m  the l a s t  point. To 
avoid mistakes the r o h  should always chango the t a r g e t  before start- 
ing t o  pacc o f f  the distance. If the  f i e l d  has been cult ivated i n  
ridges, the points should be so located by se t t ing  the  rod e i ther  alvnys 
on top of t he  ridges o r  n lwys  in  the depressions between them. 
a f t c r  the proper distance between points on the  terrace l i n e  has been 
dctcrnincd it i s  found t h a t  the rod i s  too l a f  whcn s e t  i n  a depression 
between the ridges and too  highwhen s e t  i n  t h e  next depression above, 
then the proper location f o r  the l i n e  of the terrace l i e s  betvrccn the 
t w o  posit ions of the rod. 

If 

A m n  should accompany thc  rcdman and se t  stakcs a t  points on 
thc proposed tcrraoc lines. A plomnnn should follovr imnediatoly and 
l ay  out tho f i r s t  furrow. Care should be taken t o  see t h a t  no abrupt 
turns  a rc  mdc with the  plcw. A l l  changes i n  d i rec t ion  should bc mde  
by smooth, regular curves. Where gul l ics  or  draws are crossed, stakes 
should be s e t  on cach side and the tc r race  run d i rec t ly  aoross. 

Lcng s ights  with the  level (excccding 500 or  600 f c c t )  should be 
Much nore accurate r e su l t s  are obtained where short s igh ts  are 

\ken it bccomes necessary t o  mcva the leve l  s o  as t o  aveid tnking 
awided. 
takcn. 
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long s i g h t s  I)r i n  order  t c  see around a h i l l ,  the  rodman should remain 
holding t h e  rod  exac t ly  on t h e  las t  poin t  located.  When t h e  l e v e l  i s  s e t  
up a t  t h e  new pos i t i on  t h e  rodman r a i s e s  o r  lmers t h e  t a r g e t  s o  t h a t  the  
new l i n e  of s i g h t  o f  t h e  l e v e l  passes  through t h e  cen te r  o f  t h e  t a r g e t  
and t h e  work prcceeds as a l r eady  described, 

NmE - 
A few pa in t e r s  regarding t e r r a o e s  and t e r r a c e  cons t ruc t ion  a r e  

given because it i s  f e l t  t hey  a r e  important. 

1. 

2. 

Klways ccns t ruc t  and complete t h e  t o p  t e r r a c e  first.  

Cross g u l l i e s  d i r e a t l y  and b u i l d  up the t e r r a c e  t o  grade. 
Such f i l l s  should be s i d e  f i r s t  and should be  s l i g h t l y  h igher  thLm t h e  
r e s t  ?f t h e  t e r r a c e  i n  order  t o  allrw f o r  s e t t l i n g .  
f a c t o r  i s  not  excessive.  

0 
A 20% s e t t l i n g  

3.  It i s  good p r a c t i c e  t o  cons t ruc t  o u t l e t  channels f o r  t e r r a c e s  
f i r s t ,  r a t h e r  t han  t o  put  them i n  a f t e r  t h e  t e r r a c e  i s  complete and ready 
f o r  se rv ice .  

4. Leave a t  Least  a 6 inch  drop from t e r r a c e  t o  o u t l e t  channel. 
In case t h e  channel s i l t s  up t h e  t e r r a c e  w i l l  s t i l l  be ab le  t o  operate.  

5. On s l o p e s  up t o  @ b u i l d  t e r r a c e s  from bo th  s ides ;  from 4% 
t o  12% b u i l d  most ly  f r o m  upper s i d e  of t e r r a c e  gradual ly  inc reas ing -  t h e  
r a t i o  of upper t o  lower as t h e  s lope  increases .  From 12% on b u i l d  from 
upper s i d e ,  

6. 

7. 

8. Give all t e r r a c e s  per iodic  inspec t ions .  

Up t o  t h e  present  t ime nothing has been said regarding conkour 

Avoid sharp  t u r n s  i n  t h e  t e r r a c e .  

Check he ight ,  grade and width of t e r r a c e  before  leav ing  it. 

furrcvuing. 
P rg jec t  #l3 t o  de t e rn ine  i t s  advantage and disadvantage,  
was put  m a pas ture  f i e l d  which has s lopes  helm 2Cg. 
placed a t  20 f o o t  interva1.s h o r i z o n t a l l y  measured on the  s lope.  
av-raged abcut 9 inches.  
i c v  p laces  c rossed  were l e f t  i n  sod. 
leave b a f f l e s  i n  t h e  furrow by j e rk ing  out  t h e  plow occasional ly .  
?nough information has been ga thered  on t h i s  t ype  of e ros ion  c c n t r o l  t o  
war mnt f u r t h e r  d5.scus s ion . 

A demonstration qf contour furrovsing was placed on a farm i n  

The furrows were 

All 

The demcnstration 

The depth 
The furrcws mere plaoed on exact contour. 

Another f e a t u r e  employed was t o  
Not  

0 
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CHAPTER X 

PUNTING OF EROSION CONTROL STRUCTURES 

A sound engineer ing pol icy  of e ros ion  con t ro l  n e c e s s i t a t e s  t h e  
use of vege ta t ive  cover i n  conjunction w i t h  t h e  var ious s t r u c t u r c s .  
Conscqucntly, i n  t h e  prepara t ion  of an engineer ' s  handbook it i s  neces- 
sa ry  t o  includc a chapter  dea l ing  with t h e  establ ishment  of successfu l  
p lan t ings  of t r e e s  and shrubs,  

Any w r i t t e n  work deal ing wi th  t h i s  s u b j e c t  must of necess i ty  
be comprehensive and f l e x i b l e  s o  t h a t  it m y  b e  used by t h e  layman and 
technic ian  a l ike .  
has bcen a perplexing and d i f f i c u l t  problem, which f o r  s i n p l i c i t y  has been 
divided i n t o  t h e  fol lowing p a r t s .  

Proscnta t ion  of t h e  sub jec t  ma t t e r  from t h i s  viewpoint 

Pa r t  I Gcneral P lan t ing  Information 
P a r t  I1 Gully P lan t ings  
Pa r t  I11 Stream Control P lan t ings  
Pa r t  I V  Diversion Ditch P lan t ings  
Pa r t  V Terrace Out le t  P lcn t ings  
P a r t  V I  Road Sida P lan t ing  

PART ONE 

GENERAL PLWIMG INFORMATION 

A genera l  knowlcdgc of t h e  p r i n c i p l e s  involved is e s s e n t i a l  t o  
the proper use of t r c c s  and shrubs i n  conjunct ion w i t h  e ros ion  con t ro l  
s t ruc tu rcs .  It must bc borne in  mind t h a t  rrnny f a c t o r s  en tc r  i n t o  t h e  
p l an t ing  o f  t r e e s  and shrubs, any one o f  which w i l l  o f t en  determine t h e  
succi:ss o r  f a i l u r e  of the p l an ta t ion .  Consequently, each f a c t o r  must 
be  duly considered and givcn full weight throughout t h c  e n t i r e  operation. 

Probably t h e  n c s t  i npa r t an t  s ing le  f a c t o r  t o  be considered i s  
t h e  p l an t ing  s i t c  in  r e l a t i o n  t o  t h c  vege ta t ive  cover it w i l l  support .  

General s i t e  c l a s s i f i c a t i o n s  w i t h  a l i s t  of adaptable  spec ie s  
of t r e c s  snd shrubs are:  

Common Nzne S c i e n t i f i c  IVam 

DRY SITES: Blc.ck Locust  Robinia Pseudoacacia 
Shor t loaf  Pine Pinus Echinata 
Osage Orange Toxoylon Pomifera 
Bed Cedar Juniperus  Virginians 
Black Jack Oak Oucrcus l h r i l a n d i c a  
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Camnon Namc 

Scrub Oak 
Chestnut Oak 
Cedar 
Pitch Pinc 
Red Pine 
Table M t .  Pinc 
Scrub Pine 
dspcn Pine 
Pig-nut Hickory 
Hornbcm 
k z c l  Nut 
Qhitc Oak 
Post Oak 
Red Nulberry 
Sowrood 
Thorns 
S m c h  
Sassafras 
Ailanthus 
Dogwood 
Black Gum 
S i l k  Trcc 
Indigobush 
Heartleaf Ampclopsis 
Virginia Creeper 
Bcarbcrry 
G r  oundsc lbus h 
Siberian Pca-Trcc 
Jcrscy Tca 
Scotch Srccm 
ltoodvraxcn 
Shrubby S t ,  Jchnsvrort 
i’tintcr Jasmlnc 
Comcn Junipcr 

Crccping Junipcr 
Shrub bush Clovcr 
Emrb 1 ooming Hcncy s uc klc 
J-+pancse Soncysucklc 
8311 Honeysuckle 
Vax ldyrtle 
Southcrn Vfnx IvIyrtlo 
Amcrican l?ild Plum 
Chickasan Plum 
Rcach Plum 
Shining Sumach 

D r y  s i t e s  con%: 
Sc ien t i f ic  Nnmo 

quercus I l i o i f o l i a  
Quorcus Montana 
Juniperus Ashci 
Pinus Rig ida  
F‘inus Rcsinosa 
Pinus Pungens 
Pinus Virginiana 
Populus Tremul oidcs 
Hiccria Glabra 
Ostrya Virginiana 
Gorylus Ameriouna 
Querous Alba 
Qucrcus S t e l l a t a  
Morus Rubra 
Oxydcndrum Arboroum 
Crataegus Species 
%us Copallina 
Sassafras Variifolium 
Ailanthus Glindulosa 
Cornus Florida 
Nyssa Sylvatica 
Albizeia J u l i b r i s s i n  
Amorpha Fruticosa 
Ampolepsis Cordata 
Ampelopsis Quinqucfclia 
arctostaphylos urn-ursi 
Bacchants Halmifolia 
Cncagam Arboresccns 
Connothus h c r i c m u s  
Cytisus Sooparius 
Senista Tinctoria 
Hypericum Prolificum 
Jasminium Nudiflorum 
Juniperus Commmis Dcprcosa 

Plumosa 
Juniporus Hcriecntnlis 
Lcspedcza Bicolor 
Loniccra Bcckrctti 
Lcni oera Jap o n i  ca 
Lonicera Ihlliana 
lfyrica Cnrclincnsis 
Bdyrica Ccrifcra 
Frunus i’imcricana 
Prunuu h g u s t i f o l i a  
Prunus Ninritiim 
Rhus Copallina 
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Comion l ? ~  
Dry S i t e s  Con't: 

Smooth Sunaoh 
Staghorn Simach 
l!kadm:r Rose 
Pasture  iiose 
Virg in in  Roso 
Japanese Xose 
B r i s t l y  Rose 
Carol ina Rose 
Rugoss Rose 
:iichuriam Sose 
?bite Flmrering Ilaspberry 
Xorthern Uevberry 
Himalaya Blackberry 
Kashmir False Spirea  
Japanese S n m b a l l  
Chenault I s  Sna-rberry 
C o r r a l h r r y  
P r i ck ly  Ash 

-- . 

iiOI3T SITES: i j h i t e  Pine 
Scotch Pine 
Xed Spruce 
?Tormy Spruce 
Southern B?.lsc.m 
Xcmlock 
d rbor  Vitae 
Bed Cedcr 
31wk '.Tills-? 
::ealced i.ii1.lo.r 
Lwge Tootb.ed Aspon 
Cotton;-iood 
i3 u t t  :: rnu t  
? lack  3dnu-t  
S h e l l  3z rk  Sickory 
dig Shell 9ark ilickory 
i,i.iockor ?Jut 
yell ox^ l i r c h  
9 h c k  3 i r c h  
3eoch 
l 'k i te  Oak 
3iir Oak 
Pin  %ik 
S c a r l e t  Oak 
L-urel  Oak 
Sl ippery  E l m  
American Elm 

-. 
.. 

S o i e n t i f i c  Name 

Rhua Glabrc 
khus Typhina 
Rosa Blandc. 
Rosa H u m i l i s  
Rosa Lucida 
Rosa X u l t i f l o r a  
Xosa i t i t i d a  
2osa P a l u s t r i s  
Rosa Rugosa 
3osa Wichuriami 
3ubus Parviflorus 
h b u s  Procuni3ens 
Ribus Thrysanthus 
S orha r i a  dit chsoni 
Styrax Jcqonica 
Spnphorioarpos Chenaulti  
3ymphoricarpos Vulgaris  
Zanthoqlum Americanm. 

Pinus Strobus 
Pinus S y l v e s t r i s  
Picea Rubra 
Picerr Snios  
Abies ' r r a so r i  
Tsuga Cznadensis 
Thujs Occidenta l i s  
Juniperus  Bi rg in iana  
Salix Nigra 
S a l i x  Rostrp.tcr 
Populus Grandidentat- 
Populus Dcl toides  
J u g l m s  t '  ,inera 
Jiuglnns ITigra 
I i i c o r i i  Oviita 
a i c o r i a  Laciniosa 
Bicor ia  klba 
Bctula  Lutoa 
Bctuln Lents 
Fagus Grandifol ia  
,$uercus Jllba 
Buorcus Xacrocarpa 
Quorcus P a l u s t r i s  
Quercus Coccinec 
Quorcus ImSricar ia  
s'lmus Fulva 
Ulmus Amoricana 

--.-.- 



M o i s t  S i t e s  
Gon't: 

Common Name 

Hac kberry 
Osagc Orange 
Red Mulberry 
Cucunber 
Yel low Poplar 

Witch Hazel 
Sweet Gun 
Wild Blaclr Cherry 
Choko Cherry 
imerican Grab i p p l o  
Xountain Ash 
Shad Bush 
Sycaxoro 
Kentucky Coffoo Tree 
Honey Locust 
Black Locust 
Red Bud 
T r o e  of Heaven 
h e r i c n n  Holly 
Large Leaved Holly 
Loblc l ly  Pine 
S t r iped  Naplo 
Mountain Maplo 
Sugcr Ehple 
S i lvc  r Maple 
Red Maple 
Box Elder 
Buckeye 
Srvcct Buckeye 
Bas smood 
Dog~rood 
Black Gun 
Mountain Laurel 
Persimmon 
Catalpa 
N&i.te Ash 
Fringe Tree 
Turplc iYzaloa 
Shccp Laurel 
Pinxtorbloom 
lmur P r i v e t  
Cal i forn ia  P r i v e t  
Soice Sush 

Papaw 

S c i e n t i f i c  Name 

C o l t i s  Occidontal is  
Toxylon Ponifera  
Morus Rubra 
i h g n o l i a  Acuminata 
Liriodendron Tu l ip i f e ra  
Asimim Tr i loba  
Hamanelis Virginiana 
Liquidambar S t y r a c i f l u a  
Prunus Se ro t ina  
Prunus Virg in ians  
Pyrus Goroncria 
Pyrus h c r i c a m  
h o l n n c h i e r  Canadonsis 
Platanus Occidental is  
Gymnocladius Dioica 
Gled i t s i a  Triacanthos 
Robiiiia Pseudoacacia 
Gercis Canadensis 
Ailanthus Glandulosn 
I l e x  Opaca 
I l c x  Monlticela 
Pinus Taeda 
Ac e r  Ponnsylvani c m  
Acor Spicatun 
Accr Saccharun 
Bccr Saccha r inm 
ilcer Rubrun 
Lcor Ncgundo 
de s culus  Glab ra 
Aesculus Ootandra 
T i l i a  :'mericana 
Cornus F lo r ida  
Nyssa Sy lva t i ca  
K a l m i a  L a t i f o l i a  
Diospyros Virginiana 
Catalpa B ignoni  oidc s 
Fraxinus Ancricana 
Chionanthus Virg in ica  
Azalea Hinodegir i  
Kalmia ihilngustifolia 
iizalca Xudif lora  
Ligustrum imurense 
Ligustrum O m l i f o l i m  
Benzoin Aes t iva le  

Q 
~~~ ~~ 

Jipanose Barberry Berboris  Thunbergi 
Everblooming Honcysucklc Lonicera Hcckro t t i  

_. ~ ..- -~ j.. , ~ ,  
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Moist S i t e s  Common Name 
Con't: 

Japanese Honeysuckle 
Jersey Tea 
Hall Honeysuckle 
Chinese Red Bod 
Wax Myrt;le 
Evergreen Spurge 
Pink Dogwood 
Carolina Rhododendron 
Alternate Leaf Dogvood 
Great Laurel 
Leather Wood 
Fragrant Sumach 
Winter Creeper 
Vernal Witch Hnml 
Carolina Hemlock 
High Bush Blueberry 

Law Bush Blueberry 
English Ivy 
Deerberry 
S t .  Johnst~ort 
Mapleleaf Viburnum 
Common Periwinkle 
Glossy Abelia 
A l l e g h w  Service Berry 
Mountain Currant; 
Golden Currant 
American Bittersweet 
Hinter Currant 
Cornelian Cherry 
h e r i o a n  Elder 
Red-Osies Dogwood 
European Elder 
Gray Dogwood 
Chenault Snmderry 

Hazelnut 
Corralberry 
Scotch Broom 
Arrow Wood 
Nannybe r ry  
American Creeper 
European Burningbush 
Inkberry 
Kudzu 

IT 

Scient i f ic  Name 

Lonicera Japonica 
Ceanothus Americanus 
Lonicera Japonica Halliani 
Cercis Chinonsis 
Myrica Carolinensis 
Pachysandra Terminalis 
Cornus Florida Rubrn 
Rhododendron Carolinianum 
Cornus Racemosa 
Rhododendron M a x i m u m  
Direa Pa lus t r i s  
&us Canadensis 
Euonymous Radicnns 
Hmmnelis Vernalis 
Tsuga Caroliniana 
Vaccinium Corymbosum 
Hedera and Varieties 
Vaccinium Pennsylvanicum 
Hedera Helix 
Vaccinium Stamineum 
Hypericum Calysinium 
Viburnum Aoerifolium 
Vinae Minor 
Abelia Grandiflorn 
Amelanchier Laevis 
Ribes Alpinum 
Ribes Odoratum 
Celastrus Scandens 
Ribes Sanguineum 
Cornus Mas 
Ssnmbucus Canadensis 
Cornus Stolonifera 
Sambucus Racemom 
Cornus Paniculata 
Symphoricarpos Chemulti 

Racernosus 
Corylus Americana 
Symphoricarpos Vulgaris 
Cytisus Sooparius 
Viburnum Dentatum 
Viburnum Lentago 
Euonymous Americanus 
Euonymous Europaeus 
I l ex  Glabra 
Pueraria Thunbergiana 



WET SITES: 

Common Name 

h e r i c a n  Larch 
Black Spruce 
Southern Balsam 
Balsam F i r  
White Cedar 
Arbor Vitae 
Red Cedar 
Black W i l l o w  
Shining Wi l low 
Glaucous W i l l o w  
Domy Poplar 
C o t t  onwood 
Bit ternut  Nut Hickory 
Paper Birch 
Yellow Birch 
Red Birch 
Blue Beech 
Sncoth Alder 
Swamp "h i tc  Oak 
Pin Oak 
W i l l o w  Oak 
Laurel Magnolia 
Umbrella Tree 

Poison Sumach 
imericm Holly 
Red Maple 
Box Elder 
Black Gun 
Svmp Black Gum 
Tupelo Gum 
Great Laurel 

Black Ash 
Rod Ash 
Green fish 

Fringo Tree 
Swect Viburnum 
Water Elm 
Swamp Privet 
Button Bush 
Speckled Alder 
Red Chokeberry 
Spirebush 
Sumnorsweet 
Tatarian Dogwood 

Papaw 

Catalpa 

Sciont i f ic  Name 

Larix Larioim 
Pioea k r i a m  
Abics Frasori  
Abies Balsamea 
C b e c y p a r i s  Thyoidos 
Thuja Occidentalis 
Juniperus Virginiana 
Sal ix  Nigra 
Sa l ix  Lucida 
Sa l ix  Discolor 
Populus Heterophylla 
Populus Dcltoides 
IIicorin Cordifomis 
Betula dlba Papyrifora 
Betula Lutca 
Betula Nigra 
Carpinus Caroliniam 
Alnus Rugosa 
Quercus Bicolor 
Quercus Pa lus t r i s  
Quercus Phel los  
Magnolia Virginiana 
Magnolia Tripetala 
Asimim Triloba 
%us Vernix 
Ilex Opaca 
Ac e r  Rub run 
Acer Negundo 
Nyssa Sylmt ica  
Nyssa Biflora 
1Tyyss.a Aquatica 
Rhododendron Maximus 
Cat a lpa  B i gnoni oide s 
Fraxinus Nigra 
Fraxinus Pennsylvanica 
Fraxinus Pennsylmnica 

Lanceolata 
Chionanthus Virginica 
Viburnum Lontago 
Planera Aquatica 
Foresticra Acuminata 
Cephalanthus Occidontalis 
Alnus Iiicana 
i l r on ia  Jb-butif olia 
Benzoin Aest imle 
Clethra Alnifolia 
C O ~ ~ U S  Alba 



Wet S i t c s  
Con't: 
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Common N a m e  Sc ien t i f ic  lime 

Silky Dogwood 
Bloodtwig Dogwood 
Red Osics Dogwood 
hathomood 
Comon Winterborry 
European Larch 
Sweet Gum 
Sycamore 
Beach Plum 
Carolina Roso 
Weeping Wi l low 
Pussy W i l l o w  
Bay-Leavo d W i l l  ow 
American Elder 
Europcan Rod E l d o r  
Bald Cypress 
Hemlock 

Cornus h o m u m  
Cornus Sanginca 
Cornus Stolonifcrn 
Dirca Pa lus t r i s  
I l cx  Ver t i c i l l a t a  
Larix Europaea 
Liquidanbar Styraciflua 
Plaeanus Occidentalis 
Prunus Mari t im 
Rosa Carolina ( H u m i l i s )  
Sa l ix  Babylonica 
Sal ix  Caproa 
Sal ix  Pcntmdra 
Smbucus Canadonsis 
Sambucus Raoemosa 
Tnxodiun Distichum 
Tsuga Camdensis 

The foregoing l i s t  of t r e e s  and shrubs i s  a vory broad and gcneral 
one and it should be used as a handy guido by forcstors  and onginecrs i n  
detormining the kind of p1nntinK stock t o  be used on differont  s i tos .  
should be kept i n  mind t h a t  there  i s  no subst i tute  f o r  good sound judgment. 
The individual must analyze the conditions as they ex i s t  and a c t  acccrding- 

It 

l Y  

Naturally the above t ab le  of t r e e s  and shrubs i s  l i n i t e d  by thc  
amount of stock available and vihcther or  not tho plant s i t e s  fall within 
the range of the specios. 

No  suggcstcd combinations havc bccn l i s t e d  f o r  the simple reason-~ 
t h a t  cach area presents a p r t i c u l a r  planting problem which can bes t  bo 
solved by the individual i n  charge, unhampered by def ini te  recommendations 
and suggestions, 

0 

O f  equal importance, perhaps, i s  the carc of planting stock. 
Young t r ees  and shrubs i n  t he  seedling stage are very tcndcr and sensi t ive 
t o  nbncrml coiiditions. Ccnscqucntly, every possible precaution should be 
taken t o  prcvent my damages t o  them a f t o r  t h e i r  remoml fromtho nursery 
u n t i l  such time as they a rc  rcplmtcd: It i s  very important t h a t  the 
r o o t s  be well covered with Trot spagnum, burlap o r  s i n i l a r  na t c r i a l s  during 
the time they are cut of the ground, and a t  no time should the roots of 
planting stock be exposed t o  the dry ing  offect  of thc  sun and wind. A t  
the close of cach day's work the planting stock should be carefully hcelod- 
i n  i n  good m o i s t  s o i l  f o r  safe keeping u n t i l  the next day. 

Planting foremen should rocoive careful instructions rc la t ive  t o  
the care of planting stock and should constantly chcck on the f i e l d  Crews 

0 



-158- 

t o  see t h a t  t h e  s tock i s  being properly cared f o r .  

The mattor of proper mix ture  and spacing of t r e e s  and shrubs has 
long boen a cont rovers ia l  po in t  among f o r e s t e r s .  
writer does not hope t o  solve t h i s  much debated point  b u t  r a t h c r  t o  o f f e r  
sono suggcstions that m y  bo of value. 
the  ground, w i t h  t h e  f a c t s  before  h i m ,  i s  t h e  only one in a pos i t i on  t o  
judge, and tho  proper mixture and spacing f o r  my p a r t i c u l a r  a r e a  r i g h t l y  
r e s t s  w i t h  h i m .  Tho p lan t ing  of t r c o s  and shrubs i n  mixtures should by 
a l l  means be cncouragcd at; overy opportunity. 

Noodless t o  say t h e  

By a l l  moans t h e  ind iv idua l  on 

Spacings t h a t  have been uscd a t  var ious times are:  

Spacing (Ft.) No. t r e e s  por Acre Spacing (Ft . )  No. t r c o s  per  Acre 

2 x 2  - - - - - - -  10,890 6 x 6  - - - - - - -  1,210 
907 
890 

2 x 4  - - - - - - -  
778 

3 x 3  - - - - - - -  
8 x 8  - - - - - - -  680 

4 x 4  - - - - - - -  
436 

4 x 5  - - - - - - -  
5 x 5  - - - - - - -  

302 4 x 6  - - - - - - -  L 8 4  12 x 12 - - - - - - - 

6 x 8  - - - - - - -  
7 x 8  - - - - - - -  
10 x 10 - - - - - - - 

, 7 * 7  - - - - - - -  5,445 
4.840 

2,275 
1,743 

2 i 722 

Tho nothods of p lan t ing  cone i n  f o r  s e r ious  considerat ion and 
should be ca re fu l ly  rvorkod out. Thcro are a nunbdr of reco&ndod methods 
of plant ing,  each of which has i t s  placo. Good r e s u l t s  nay be seeurod, 
i r rospec t ivo  of t h e  method usod, providing t h e  ind iv idua l  p l an te r s  have 
a c l e a r  heirlodge of c e r t a i n  bas i c  p r inc ip l e s  which arc:  

1. Rcnovc a l l  sod or  deb r i s  f r e n  t h e  spot  whore t r e o  i s  t o  be 
0 

plant  o d . 
2. Make t h e  holo l a rge  enough t o  accomodato t h e  e n t i r o  roo t  

system without crowding. 

3. 
around t h e  roots .  

4. 
tho roots .  

5. 

6. 

Be sure  t h a t  vvoll pulverized mineral s o i l  i s  f i rmly  paekod 

Do no t  under any c i r cms tancos  pack trash o r  s t i c k s  around 

Be sure t h c  seedl ing i s  f i r n l y  hold i n  an upr ight  posi t ion.  

On exposed ba r ren  s i t o s  a fow handfuls of sur face  s o i l  w i l l  
a i d  m t e r i n l l y  i n  g e t t i n g  t h e  seedl ings  s t a r t ed .  

7, The aroa immediately adjacent  t o  t h c  planted soodling should 
bo nulchod with leavos, broonsedge, g ra s s  o r  inverted sod. 

. ~~ I __..I ~. ~ X._ -* ~ . -  ' 
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Thc ccntcr-hclc, m t t c c k  s l i t ,  and dibblc bar ncthcds of  
planting, using one, tvrc, c r  thrcc m n  c rcw are  adaptablc t o  alincst 
any area o r  condition tha t  m y  be cnccuntorcd. 

On badly gullicd cr gallcd arcas it m y  bc worth whilc t o  usc 
scno f c r t i l i z c r .  
f c r t i l i z c r  givcs the bcst  rcsul ts .  For  cxmplc, cxpcrinonts with 4-12-4 
f c r t i l i z c r  havc proven vcry satisfactory.  
such t im 2 s  ncrc accurate data i s  availa.blc only cxpcrincntal p lmt ings  
should bc fe r t i l i zcd .  

Frcn the data available it S C C ~ S  t ha t  a ccnpletc 

It i s  f e l t  hcwcvcr, t h a t  u n t i l  

As n yardstick t o  ncasurc rcsul ts ,  staked rows of  100 t r ccs  o r  
shrubs shculcl bc cstablishcd on miv of thc plantations, thcsc stakcd 
rows should bc ccrcfully selcctcd i n  order t o  g i w  nuch necdcd infcr- 
m t i c n  on s i tc ,  spacing, rnxturcs, and grwrth undcr varying dogrccs of 
crcsion and cxpcsuro. 

h 

Vigorous, vrcll balanced, nurscry stock i s  idca l  for  planting i n  
ccnnccticn with crcsicn control structurcs,  and thc practicc of using w i l d  
stcck o r  sccd spotting should be rcscrtcd t o  only whcri nurscry g r m n  
stcck i s  unavailable. 

wa!C T'm 

GULLY F'LiLNT IXG 

Gullios arc thc only f c r n  of crcsicn rcadi ly  rcccgnizcd by avcragc 
individuals and f o r  t h a t  reason m y  control measures undertaken arc  
imodia tc ly  subjcctcd t o  tho c r i t i c a l  cyo of the gcncral public. Homo,  
any successful control ncasurcs uscd arc important, i n  t h a t  thcy scrvc t o  
convince thc  p n c r a l  public t h a t  crcsicn can bc controlled, i n  addition 
t o  t hc  naw other m.lucs resul t ing from such control. 

It i s  oc t  fcasiblc  c r  sound t o  assunc t h a t  gul l ics  should bc 
f i l l e d  in, rovcgetatcd and forgctt.cn on thc bas i s  that CiICC thcy have 
bcon wcrkcd t h e  prcblcrn has boon solved. 

Gullies are usually fcrncd as thc  r e su l t  of ccncciitrated and 
acccleratcd surface drainagc and it nust bc bornc i n  nind t h a t  i n  mny 
casts thc cnly solution i s  t o  s tnb i l izc  the m i n  gul l ics  and l e t  thcn 
scrvc as thc  natural  drain f o r  t h c  arcc involved. This i s  par t icular ly  
t ruc of  any area whcro thc  slopcs a rc  cxcossivc. Gully control planting 
as suggcstcd hcrein w i l l  be mde f o r  thc purpcsc of s tab i l iz ing  cxis t ing 
gul l ics  t o  cnablc thcn t o  serve as natural  drains without fur thcr  
dcstructivc xcticn, and i n  addi t icn v i l l  bc s o  placed as t o  rcinforcc 
md  bind gully control s t m t u r c s .  .mking thcn o f  a norc perrment v33u0 
i n  cur crosicn control program. 
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For  tho purpose o f  b rcv i ty  and olcarness ,  skctches arc s h c m  
t o  i l l u s t r a t c  whcrc and how g u l l y  con t ro l  p lan t ings  should be mdc .  

Sketch No. 1, pagc 161, Plant ing tho V e r t i c a l  Sidcs.  

1. 

2. 

3. 

Slcpc banks as shewn. 

Should bc sono spccies  t h a t  w i l l  devclcp i n t o  a t r c e .  

Should bc s m c  spec ies  of shrub o r  s m l l  t r c c .  

Should bc a t h r i f t y  and h e a r t y  spec ics  of  shrub o r  vine. 

Usually a 2:l slope w i l l  su f f i cc .  In te r -  
ncdia tc  ba r ren  spaces t o  bc secdcd t o  lespcdeza, grasscs, o r  smll grain.  

Sketch No. 2, pagc 162, Spacing Gully Plant ings.  

Note staggcrcd spacing. Spacing should bc 2'  x 2' noar t ho  
bottom of t h c  g u l l y  and incrcascd  as you approach t h e  top. 
should cxtcnd back f r o m  t h e  t o p  t o  a d is tance  cqual t o  t h o  dcpth of 
t h c  gu l ly  and f a r t h c r  i f  possible .  
novor be rmdc i n  t h e  g u l l y  bct ton.  

Plari t ings 

I n  n c s t  cases  p lan t ings  should 

Sketch No. 3, pagc 163, U s i q  Sod S t r i p s .  

Sod m y  also Ec pla?.tcd i n  continuous s t r i p s  l i k e  n i n i a t u r e  
Sod s t r i p  should be from 8" t o  12" 

S p a c i q  should be c l o s e r  on  the lcmr 
t e r r a c e s  nlon; t ho  g u l l y  s ides .  
widc and from 2 '  t o  3 '  long. 
s e c t i o n  o f  t ho  s idcs .  Lespcdeza, grasses, or  small g r a i n  m y  be sown 
O:I t h c  barc  spots .  

Sketch Nc. 4, pagc 164, Using Loose Rock Reta in ins  'Xalls t o  
Es t ab l i sh  Shrubs, Briars o r  Vines near  Bct tcn  of Gully. 

Rocks should be l a i d  i n  a ho r i zon ta l  a r c  fominy; n pockot i n  
which enough t o p s o i l  can be placed f o r  p l an t ing  purposco. 
arc b u i l t  wcll i n  zdvaiicc of t h c  p l an t ing  crcw thcy  w i l l  usua l ly  c o l l c c t  
enough s o i l  f o r  p lan t ing  purposes. 

If pockets 

Skctch No. 5, pagc 165, Holding Brush o r  Stravr on Badly Galled 
Areas Until Vegetativc Cover Bccories Establ ished.  

Forked s t akes  a r c  d-riven i n t o  thc ground t o  hold poles  i n  place.  
Thc poles  ho ld  tho  brush,  straw, o r  sinilar mtcrial. Burlap nay b o  uscd 
irhcn i t s  usc can be j u s t i f i e d  f r o n  an econorlic s tandpoint .  Trees, shrubs,  
grasscs, b r i a r s  and vines can  be e s t a b l i s h e d  on badly ga l l ed  areas by t h i s  
neans . 
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SKETCH NO. I 

PLANTING THE, W T I C A L  S l D E S  
dECT/O/VAL 

0 

SP€C/f/CAT/ONS 

1-Should be Some Sperjes tbat w/// Deve/op /nto a Tree 

i?.-3hou/d be Some Speoes of Shrub ar Sma// Wee 

3. -Shou/d be a ThrMty und Nurdy Spec/es of Shrub or Vine. 

Within a few Years. 



SKETCH NO.2 
SPACING G U U Y  PLANTINGS 

SP€C/f /CAT/ONS 

Spucing Should be 2 x 2  Near the Bottom of tbe Gully and 
/ncreased aY the Top 1s Approached 

P/ant/n s Shou/d €xtend 5ackfrom the Top to a Q/$tance 
&wa/ to the Depfh of the Gu/& and farther if / t  is 
Poss/b/e. 

/n Most Curses P/ant/nys Shou/d Never 6e Mode lh the 
Gu/& Sot tom. 

0 

Q 
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SKETCH N0.3 
WING SOD STRJW 

SP€C/f /CAT/QA/S 
Sod Strips 3hou/d be from 8 " t o  /Z" Wid@ and from 2' to 3' 

Str/;os Shw/d be P/accd in Shu//ow ,Trenches Just Lurge 

On BQd& €xpo.sedAreas, Good To Soil or Fert/Xker Placed in 

Gef-tlnq /t Started 

Long. 

0 Enough to Uecejve Them W/thout Crowding. 

fhe Trench, Beneuth the & 04 Wi// A/d Mater/a//y in 

SpQC/hq Should be C/oser on the Lower Section of the Sides 

Lespedezq Grasjes or S . a / /  Gruin May be Sown on the 
Bare 5pf.s. 

0 



c, SKETCH N0.4 
Vsin h s e  Rock Retamin Walls t o  Establish 

dfrvbs, Briam or Vines fieax Bottom of Gully 

SP€Cf f /CAT/ONS 

R0Gk.s SboU/d be La@ in a Horizonta/ .Arc Forming a 
Pocket m Which Enough Topsod Cun be Placed 
to facdifote Pluntlng. 

If Pockets ut-e Bui/t Wel/ in Advanceof fhe P/ant/ny Crew 
They W/// Usuu//y Co//ect Enough S o y 7  for P/anfhg 
Purwses. 

Just/fiub/e to.Spend z%e Tm or Mo~wy to Reveye- 
fate the €m&m Area 

und €as/& Obtuinuble. 

These Pockets are Best Adopted 20 Areas Where it 15 Not 

Esppcia//y AdaFIfpd fo Areas Where Rocks ure P/entifu/ 

Q 
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SKIETCH N0.5 

Wn t i P Vegetative Cover Becomes btabllshed 
Holdin Brush o r d t r a w  on Badly Gal led Areas 

Poles are Used fo Ho/d Down the 5rush, StrQw or S/mA 
/ur /Mafer/a/ Used /n Preventing furfher /!rou& 
o f  Eros/ve Act/on. 

Burlap mQy be UJed When /ts Use con be Juat/fied from 
an €conom/c Standpoint 

Trees, 0r/ur.s, Shru&s, Grasses anU Vine5 CUD be Estab- 
//jhed on Bad/y Ga//ed Areas by th/s Means. 

Tops of Br4.sh Shodd Point U;a the S/op. 

Brush &?.odd Over/ap--L/#e 5h/;Clg/@s on a Rod 
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SRETCH NO. 6 
PLANTING TO REXNF'OQCL A STQVCTWRL 

SP€C/f  /CA T/ONS 



c, 

S K E T C H  N0.7 

PLANTING A BADLY GVLLILD AREA 

SP€C/F/CAT/ONS 

Th/s Method of Us/ny P/ant/ny /n Con uncfho with LTros/on 
Cont/o/ Sfu&i//zut/on /3 Adv i sab/e on Areus of  VMue 
as Agricu/tur-a/ Land on Whkh Numerous Gu///e.s 
Hove formed Pura//e/ fo &uch Othec 

By ehe Above Method One Gully /s Se/ecfed to Serve us a 
Nuturd Stuhyized Druie Wb//e fhe Wufer from 
the Other Gu///es /> Dherfed h f o  the Muh Gu//y 
by Means o f o  DivprJion Ditch. 

Divers/on D/tch Shou/d be Pdequa te& Supported 
The Other Gu//ies Should be FtVed /n and Seeded The 

by P/Ont/hg 

0 
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Sketch No. 6, page 166, Planting t o  Reinforce a Structure.  

Trees, t rec- l ike shrubs, shrubs, b r i a r s ,  and vines nay be used. 
L-rangcment, species, and spacing t o  be determined by s i z e  of gully,  
s t ructure ,  s o i l  type, and other physiographic and cl imat ic  conditions. 
Planting should extend wel l  back of each side,  depending upon tho  Size 
of the  structurc.  

Sketch No. 7, pago 167, Planting a Badly Gullied Area. 

Diversion d i tch  secdod and p l a t e d  as shm-m with chock dam rcin- 
forced by plankings. 
method of using planting i n  conjunction wi th  erosion control  s t ruc tures  
i s  advisable on arcas  of m l u c  as a g r i c u l t u r a l  land on which nmcrcus 
gul l ics  have formed parxllel t o  each othcr. By t h e  above ncthcd one 
gully i s  selectccl t o  scrve as a na tura l  s t a b i l i z e d  drain while thc  m t e r  
f r o n  the othcr gu l l ies  i s  diverted i n t o  t h e  m i n  gul ly  by mans  o f  a 
diversion ditch.  The o t b r  g u l l i e s  m y  bc f i l l e d  i n  and secded. 
divorsion d i tch  should be adcqmtcly supported by planting. 

The gul l ied banks a re  sloped an$. scedcd. This 

The 

PART THREE 

STREAM CONTROL P ~ ~ I W G S  

Tho problem prescntcd by stream control  planting a r e  similar i n  
Strean cont ro l  nany rcspects t o  those encountered under gul ly  planting. 

plantings log ica l ly  f a l l  i n t o  t w o  clnssos, namely, (a) plantings f o r  bank 
protection, and (b)  plankings t o  rc inforcc and protect  stroam control 
s t ructures .  The same general rmtiiod of mixture an2 spacing as discussed 
undcr gul ly  control  can bc uscd f o r  stroam cont ro l  plantings wi th  s o m  
modification. Tho attached skctchcs i l l u s t r a t e  general nethods t h a t  can 
be used and vrhich v r i l l  give good r e s u l t s .  

Skctch ITo. 1, page 169, Strean Bank Plantings. 

Lowor p a r t  of bank up t o  m x i n m  l i n t o r  love1 should bc rip-rappcd 

Skctch No. 2, pagc 169, Brush lh&Ang o r  Rip-rap Reinforced by 

with stonc, o r  brush held i n  placc wi th  woven v i r c  and stakes.  

Plant irig . 
Skctch No. 3 ,  page 170, Dan Reinforced by Planting. 

Skctch No. 4, page 171, Planting t o  Rcinforce Wing Dams, Leveos 
and Sir6lc.r  Structures.  

The sedincntaticii arcas indicated arc t o  be planted as ra2idly 
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SKETCH NO. I 
S T R U M  BANK PLANTING3 

SKETCH N0.2 
BBrw...h Maitin OY Rip-rap 

Reinforced % y Dlanting 





0 

SKETCH NO. 4 

Dlanting to Qeinforce Win Dams, Jeitics, 
Levees and S imi l a r  S ? ructvres 
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as  s i l t i n g  occurs. 
the planting on these areas. 

Five o r  t e n  years i s  usually required t o  complete 

In  a l l  stream control work the individual action and charac- 
t e r i s t i c s  of the stream must be carefully studied and the information 
obtained should be used as  a guide i n  formulating the plan of control. 

PART FO-UR 

DIVERSION DITCE PLANTING$ 

On many projects t he  planting of diversion ditches i s  ver;. 
important. 
t h a t  the di tch must present a snooth unobstructed surface f o r  carrying 
the water and second, t h a t  the lower shoulder must be maintained un- 
broken. 
i s  included. 

It i s  a problem of simple solution i f  ire keep i n  mind f i r s t ,  

A sketch t o  i l l u s t r a t e  a method that can be universally applied 

Sketch No. 1, page 173, Diversion Ditch Planting. 

The en t i re  area t o  be seeded t o  grass and kept i n  sod. Part  of 
the area t o  be planted t o  t r e e s  or  shrubs. 
prevent planting of species that w i l l  in terfere  with farm practices. 

Care must  be exercised t o  

Sketch No. 2, page 173, Planting Diversion Ditch Outlets. 

PART FIVE 

TERMCE OUTLET I W N T I N G S  

Many gul l ies  are caused by terrace out le ts  t h a t  a r e  not properly 
protected. 
an out le t  f o r  t h e  terrace,  by a l l  m e a n s  one should be provided and should 
be supported by vegetative cover. 

I f  a natural ,  s tabi l ized channel i s  not available t o  a c t  as  

The terrace out le t  i s  constructed on the same general principle 
t i s  the diversion ditch out le t ,  and vegetation may be placed in  much the 
same way. Note planting around out le t  shovm i n  Sketoh No. 2, page 173. 
ufhere t r ees  or shrubs cannot be used, subst i tute  sod s t r i p s  and seeding 
as shown i n  Sketch No. 1, page 173. 
ditch out le ts  but the te r race  out le t  requires similar control. 

.. 

Both sketches re fer  t o  diversion 
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SKETCH NO. I 

DIVLRSION DITCH DLANTINGS 
a€C?-/oN!L V/EW 

7h/s &nt/re Area to Oe Seeded to Gross 
and Kept /n Sod 
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PART SIX 
L 

ROADSIDE PL&NT ING 

Much serious erosion has resul ted fron improper handling of t h e  
cut and f i l l  banks along highways and roads, 
only cxtrernely high m i n t c m n c e  cos t  t o  the  Highmy Gomission but 
thousands of  acres of valuable fam. land have been nffcctcd as  well. 

Much of  thc  l o s s  could have bcen provented if a procedure a s  

This has resul ted i n  not 

i l l u s t r a t e d  had been follc%.ied. 
erosion control w i l l  be expandcd t h a t  we o f fe r  these suggestions. 

It i s  with t h e  hope t h a t  t h i s  type of 

Sketch No, 3, page 175, Vicw of Planting f o r  Bank Control. 

Sketch No. 4, page 176, Planting i n  Conjunction with Culvert 
Out 1 e t s . 

It should be kept i n  mind i n  miking roadside plantings t h a t  
small flowering shrubs or vines should always be planted adjacont t o  
e i ther  o r  both s ides  of t h e  higkmy i n  o r d o r  t o  prevont obscuring the  
vis ion along tho highmy arid t o  beautify t h c  scenery. 

Ls tho plantings recedc f rom tho highnay d i f fe ren t  spocios m y  
bc usod and by propor sclcct ion they can be m d e  t o  harmnizc with tho  
cxis t ing background. 

The foregoing concludes a very elcricntary discussion on t h e  use 
of t r e e s  and shrubs i n  conjunction with engineering structuros  designed 
f o r  controlliDg erosion. 

I- .. 
I_.- 

, 
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CBAPTER XI 

SEEDIItG OF EROSION COBPPROL STRUCTIRZS 

Erosion control  s t ructures  arc not intended t o  cont ro l  e ros ion  
I n  most cases they  arc used t o  check the  f lmr o f  water un t i l  unaided, 

vcgctatioii can bcccme established. 
as :: permnent prctcct icn i n  order t o  e s t a b l i s h  and hold vsgetaticn.  
ordinar i ly ,  vcgctaticn should be used with a l l  erosion control  structurcs.  

I n  a few C ~ S C S  thcy  arc neccssary 

To m.kc a sa t i s fac tory  sccd.ing, i n  connection with erosion ccn- 

Under tho  b c s t  
t r c l  s t ructurcs ,  a nmbcr of factors  must be taken i n t o  consideration, 
including s o i l ,  slcpe, time of year and sced available.  
o f  conditions it i s  d i f f i c u l t  t o  e s t a b l i s h  a ccver on t h o  raw subsoi l  and 
shale s o  prcmlcnt  around ercsicn control  s t ructures .  
organic matter causcs t h c  s o i l  t o  d r y  rapidly m d  d i f f i c u l t y  w i l l  be 
cnccuntcrcd i n  sccuring a good vcgetativc ccvcr. Hcwevcr, 2. l i t t l e  
vcgctaticn i s  b c t t c r  than ncne and cvcry s p r i g  established a ids  i n  
reproduction of  addi t ional  vcgctaticn. 
i t s c l f  c n t h c  side of a gul ly  bank, it inmediately bcgins t o  bu i ld  up 
organic m t t c r .  
cthcr plants  f r c n t h c  hot sun, preventing t h e  s o i l  frcn drying s o  
rapidUy. Lcavcs, trrigs and cthcr  
organic m t t c r  havc a tcndcncy t o  lcdgc against  t h e  plant stcms, all 
helping t o  f c r n  a prctcct ivc ccvcring. If t h c  plant  prcpagatcs by 
r h i z c m s  cr s to lons ,  a spreading of t h e  Tlant bcgins t o  t ake  place 
as soon as it hns bcccmc v r e l l  cstablishcd. 

Thc lack  of 

Whcncver a plant es tabl ishes  

It a l s o  f c m s  ,? slmde which scrvcs as prc tcc t icn  t o  

Thc f i n e  r o o t s  held the  so i l .  

I n  making sccdings, it i s  b e t t c r  t o  usc scvcral d i f f e r e n t  
kinds o f  sceds raYncr than  j u s t  cm o r  b-rc. 
sui table  t o  cnc and somctimcs t o  ancthcr plant. 
t o  rcmcmbcr t h a t ,  i n  m t u r c ,  plants l i v e  i n  ccmuni t ics  and t h e  succcss 
o r  f a i l u r c  of cnc depends, in a largc way, upon c thcr  plants  i n  t h e  
i m e d i a t c  v ic in i ty .  
conditions, i s  as fo l lows :  

S c m t i m s  t h c  s c i l  i s  
It i s  a l s o  important 

A vcry good sced mixturc t o  use under avcragc 

Kcrcan lcspcdcza 
Copncn 
Rcdtcp 
Orchard grass 
Timothy 

11 
25 p ~ ~ ? . d ~  
20 It 

10 
20 'I 

10 I' 

IVherc the  lospcZczas arc uscd, it i s  wcll t o  kcep i n  mind t h a t  
thcy are lcgmes  and support on t h c i r  roots bac te r ia  capable of taking 
nitrogen f r o m  tho a i r  and f i x i n g  it i n  thc  s o i l .  
i s  n c c c s s a q  t h a t  the  su i tab le  bac ter ia  bc prcscnt. 
thosc b a c t e r i a  is callcd inoculating. 
by scouring s c i l  f rom a f i c l d  where tnc lcgme i n  qucsticn has bcen 
grcvm sucecssfully o r  by using c c m c r c i a l  incculant. 
t o  kcee:, in  r,fincl i n  inoculating soed is t h a t  soim of tho bac te r in  nust 

For t h i s  reason, it 
Thc supplying of 

Inoculation can bc acccnplishcd 

The main t h i n g  
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conc i n  contact n i t h  each and orrery socd. 
inoculation i s  uscd, onough f ino  d i r t  should bc uscd s o  that tficrc i s  
l i t t l o  doubt but  t h a t  t h c  b l c t o r i a  i s  i n  contact with a l l  of thc  socd. 
It i s  j?rcforablc -to us0 c m o r c i a l  inoculants. 
dircct ions f o r  t h c i r  use T r i l l  be found on t ho  containor. Both Korcan 
an& com.on lospodeza a r c  annuals; both producc socd i n  abibundancc an4 
s t a r t  rcascnably car ly  i n  tho spring. 
grmrth during tho  hot,  dry, s m o r  months mhen tho grmrth of n o s t  of thc  
porennial grasses i s  retarded. 
they d i e  i n  the f a l l  wi th  t h e  f i r s t  f r o s t s ,  t h e  roots  remain i n  the s o i l  
over ninter and not only serve as a protection aga ins t  erosion, b u t  serve 
mater ia l ly  i n  building up the  organic matter of the  s o i l .  Their nitrogen 
f i x i n g  habi t ,  explained above, causes them t o  be beneficial  t o  other 
plants grown i n  the  v ic in i ty .  

Yhcrc t h e  s o i l  method of I 

! 'honthis i s  done, 

They arc  i n  tho hcight of  t h c i r  

They have a good r o o t  system and, although 

Redtop i s  a perennial, has a f i n e  fibrous root system, w i l l  
grow on r e l a t i v e l y  poor, acid and damp s o i l s  and serves a very def in i te  
place i n  control l ing erosion i n  m o i s t  g u l l i e s  and under ac id  conditions. 

Orchard grass i s  a perennial, g r m s  in  bunches, and on account 
of i t s  dense growth and f i n e  fibrous and extensive r o o t  system, i s  very 
effect ive i n  control l ing erosion. 
b u t  responds rapidly t o  f e r t i l i z a t i o n .  

it does f a i r ly  well on poor s o i l s ,  

Kentucky blue grass  i s  a perennial, does not do wel l  on poor, 
acid s o i l s ,  but vhen properly f o r t i l i z e d ,  makes a dense tu r f  over the  
s o i l ,  I t s  habi t  of prcpagation by under-ground rhizomes causes it t o  
spread very rapidly under favorable conditions. 

Timothy, used extensively ns a hay crop, i s  a perennial and 
under favorable conditions m i l l  l i v e  m y  years. 
poor s o i l ,  but  responds readib j  t o  f e r t i l i z a t i o n .  

It w i l l  gro-if on f a i r l y  

The mixture mentioned above, planted a t  t h e  r a t e  of 20 t o  30 
pounds per acre,  makes a f a i r l y  good seeding. 
time of year as t o  vrhether t h i s  mixture should be adhered t o  c losely o r  
not. It i s  not 
recommended t h a t  seeding be attempted during t h e  summer months on ac- 
count of tho hot, dry uieather, February and !'!arch a r e  reconnnended as the 
bost  time f o r  spring seeding, b u t  seeding may be continued u n t i l  the  
f i r s t  of May with f a i r l y  good r e s u l t s  f r o m  Apri l  seeding, depending upon 
the  vreather conditions. F a l l  seeding i s  r c c o m n d e d  and, i n  many cases, 
may be expected t o  give more sa t i s fac tory  r e s u l t s  than spring seeding. 
Hovmvcr, fa l l  seeding should gencrally not be attemptod a f t o r  Novembcr 
f i r s t .  1. mixture f o r  f a l l  seeding can be made by leaving t h e  lespedeza 
cut  of the  mixturc recommcndcd f o r  spring seeding. 
followed, the  lospedczns can be sown t h e  fo l lmdng spr ing i n  lato Fohnwry 
or  ear ly  ktarch. 

it w i l l  depend upon t h e  

The mixture i s  recommended f o r  late winter and spring. 

When f a l l  seeding i s  
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It i s  quite common t o  f ind cnough lime i n  some of our subsoils 
and shales t o  oause sweet clover t o  growrrel l .  Where t h i s  i s  the case, 
it i s  advisable t o  seed some sweet olovor  i n  addition t o  the previously 
mentioned seed mixture. 
the seed mixture i f  desired. 

The sweet clover oanbe  seeded separate from 
(Sweet clover should,bc properly inoculated.) 

Whenever it i s  possible t o  fence the s t ructures  f rom grazing, it 
i s  mAl t o  use some rapidly growing small grain such as barley, wheat o r  
Oats f o r  a nurse o r  cover crop, 
i n  the spring as well as in the  f a l l .  
rapidly than do the grssses mentioned i n  the seed mixturo  and will a id  
imensely i n  holding the s o i l  until the permnnont grasses can beoome 
estnblished. 
where livostock i s  l e f t  t o  graze, a s  the luscious green of the small 
grain w i l l  cause the  l ivestock t o  concentrate j u s t  whcre it i s  not 
wanted. 

Wintor wheat o r  winter barley nay be uscd 
Thesc small grains grow more 

Hmever, it i s  not advisable t o  usc small grains i n  areas 

Bermuda grass has the poss ib i l i ty  of becoming an important 
erosion control plant i n  Vkst Virginia', especially i n  oomccticn with 
controlling crcsion on badly eroded areas and i n  connection with erosion 
ccntrol structures.  
mainly by running s t e m  havm as stolons. These stolons have nodcs o r  
jo in ts  which are  ablc t o  take r o o t  and send up a e r i a l  branches a t  each 
nedc, thereby fcrming a ncw p l a n t ,  liipnile Bermuda grass i s  a southern 
plant, s o  t o  speak, it has been known t o  grmr as f a r  north as Canada. 
I ts  value i n  West Virginia i s  s t i l l  questionable, but because of i t s  
erosion res i s t ing  qua l i t i cs  it should be given a trial. 

Bermuda grass i s  a perennial md prapagates i t s c l f  

Kudzu is a vinous legume, introduced i n t o  t h i s  corntry f r o m  
It has bcen found t o  do qui te  well  i n  the southern s ta tes ,  pro- 

In tho Piedmont section 
Japan. 
aucing runners as long as 70 foc t  i n  one year. 
Of the south, it i s  being used ex tens ive ly to  control erosion i n  the  
larger  gullies. I t s  use i n  west Virginia as  an erosion control plant 
may s t i l l  bc questionable but, f rom observations made of i t s  growth, 
it i s  f e l t  that it v r i l l  play an important par t  i n  controlling erosicn 
i n  the low a l t i tudes  of t he  s ta tc .  It i s  propagated by allowing the  
long vines t o  take root a t  the nodes or by taking the runners i n  t he  
fall, cutting them up, leaving cne node t c  t h e  piece, and planting 
them i n  a nursery u n t i l  a good root system has bcen established. 
planting should not be done u n t i l  t he  plant i s  a t  l c a s t  tvro years Old, 
as the  larger  Chc,'reot'system the  groator i ts .chanco f o r  living. 
r a t e  of planting w i l l  vary from500 t o  1000 crm-ms per acre, depending 
upon conditions such as so i l ,  vegetative oovcr already present, and 
o thor  secding or planting done. 

Trans- 

The 

Fe r t i l i za t ion  i s  very necessary i n  connection with t h o  cstab- 
lishmcnt of vcgetation i n  gul l ied arcas and on erosion control structures. 
It i s  bcst  t o  use a complete f e r t i l i z e r ,  but  i f  such i s  not available,  a 
f e r t i l i z e r  containing phosphorus and nitrogcn w i l l  probably give satis- 
factor/  resu l t s .  0 Applination should be made at  the r a t e  of 400 t o  500 
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pounds per acre of the equivulent of 4-12-4. 
t h i s  a r t i c l e ,  thc  s o i l  i n  many gullied areas has boen found t o  oontain 
enough lime f o r  t he  proper grmth  of mee t  clcocr. 
others the s o i l  i s  found t o  be very poor and much i n  need of l ine.  In 
those cases, it i s  advisable t o  apply lime a t  the same time the f e r t i l i z c r  
i s  applied. The r a t c  of application w i l l  depend upon the  requirement, but  
the avcrage w i l l  be around two tons per acre. 

11s mcntioned before i n  

Bowever, i n  mny 

I n  making seedings the different  typos of engineering s t ructures  
must alrnys be kept i n  mind as  w e l l  as the crosion problem which the  
engineer i s  t rying t o  solve. Since it i s  impossiblo t o  cover all of 
these problems in  a general discussion, they w i l l  be discussed under 
separate headings a s  follows: 

1. GULLIES 

Temporary Dams 

Temporary dams are  b u i l t  t o  check the  f low of water and t o  hold 
the s o i l  un t i l  vegetation can bocome ostablished and take care of the 
si tuation. F e r t i l i z e r  should bc applied and lime, i f  necessary. This 
can bo done by sproading the f e r t i l i z e r  and l im by haad over the 
structures and raking i n  vrith a hand rake. 
should be used according t o  the c a r l i e r  discussion. 
be sovm at  the same timc the f e r t i l i z e r  i s  spread and raked in under 
one operation. However, i f  the seoding i s  done i n  the ear ly  spring 
before freezing vrcather i s  over, it is not necessary t o  rake t h o  seed 
in ,  as  a l ternate  frcozing and thawing w i l l  work the  seed in to  t h e  ground. 
If the structure i s  fenced from grazing, it i s  advisable t o  use on0 of 
the small grains i n  addition t o  the seed mixturc. 

The rccommcnded seed mixture 
This mixture can 

Bcrmudn sod i s  used very effcctivoly i n  tho south i n  making a 
vcgotative oemr  f o r  tomporary structures.  It can be placed below the  
dam and between the logs i n  case the tomporary structure i s  a l o g  darn. 
I t  w i l l  grow readily bc twen tho logs on the l o v e r  s ide of the dam and 
w i l l  make a complete covering of vegetation t h a t  w i l l  go a long way i n  
controlling erosion when the l i f e  of the s t ructure  i s  over. 
probable t h a t  it will give sat isfactory r e su l t s  i n  West Virginia. 

It i s  

Again, if the  s t ructure  i s  fenced from grazing, kudzu i s  a very 
desirablo plant t o  use. It w i l l  develop a luxuriant growth i n  f r o m  
three t o  fcur  years, or i n  plenty of time t o  takc care of the s i tua t ion  
bcforc the temporary s t ructure  r o t s  out. 
areas of t h i s  naturc, locations should be made where there  i s  s t i l l  
suf f ic ien t  s o i l  f o r  proper grovrth. 
throe t o  fcur f e e t  back f r o m  the edge of . thc gully i t s e l f  and o m  be 
expected t o  vine over i n to  the gully i n t i m e  and form a complete covering 
over the gully and structurc. 

In the planting of Kudzu on 

Thc planting of kudzu can bc made 
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Permanent Dams 

Q 

cc 

9, 

Permanent dams do not present such an inmediate vegetation 
problem as do temporary dams. 
moro o r  l ess  indef in i te ly ,  it i s  not s o  important t o  have as rapidly 
graring plants as were required f o r  the  temporary dams. The exposed 
surface i n  connection with permanent dams should be seeded tuith t h e  
prcvieusly recommended seed mixturo and i n  t h e  samc manner as described 
under temporary dams. 
used t o  admntagc. 
with permanent dams as with temporary dams. 

Since permanent dams arc  expected t o  l a s t  

Howover, Bermuda grass o r  Kudzu can probably be 
F e r t i l i z e r  and lime i s  j u s t  as necessary i n  connection 

Gully Banks 

Gully banks prescnt a somewhat d i f f i c u l t  problem becauso they 
a re  usually f a i r l y  steep and have nothing on which t o  e s t a b l i s h  vcge- 
t a t i o n  exccpt subsoil  and shale. h good way t o  begin establishment 
of vogctation on gully banks i s  t o  c u t  o f f  any overhanging sod, l e t  
it s l i d e  dawn t h e  bank and hold it somowhere on t h e  slope. This i s  
easy t o  accomplish when tho workcr i s  operating from b c l m  w i t h  an 
instrument such as a hoe o r  mattock. Tho sod can be allawed t o  s l i d e  
down t o  the  selected locat ion and may then  be stamped f i rmly i n t o  t h e  
ground. 
described, f e r t i l i z e r  and lime m y  be applied along with the recem- 
mended seed mixture. 
s w o t  clover can be added i n  addition t o  t h e  recommended mixture. Since 
gul ly  banks takc up very l i t t l e  t n t e r ,  they dry soon a f t e r  a ra in ,  
t h i s  reason overy precaution should be taken t o  get  some s o r t  of vege- 
t a t i o n  t h a t  1611 maintain i t s e l f  under such conditions. 

d t e r  t h e  ovorhmging sod has been removcd arid located as 

I f  tho s o i l  contains lime i n  s u f f i c i e n t  quantity, 

Fo r  

ii number of native lcspedezas a r e  able t o  mnintain themselves on 
s teep gul ly  banks. 
seeding g u l l i e s  and gully banks not t o  destroy any more v c g c t a t i o n t h a n  
i s  absolutely necessary, sincc Vegetation found growing under these  con- 
d i t ions  has usually adapted i tself  t o  i t s  surrounding. 
fenced from grazing, t h e  use o f  Kudzu should not be overlooked. 
be planted i n  the  b e t t e r  locations back of t h e  gul ly  bank and, as 
described above, can be e x p c c t e d t o  vine over tho e n t i r e  gully. 

IYorkers should always be carefu l  i n  repair ing and 

If t h e  area i s  
It can 

Gully Beds 

It i s  usually eas ie r  t o  e s t a b l i s h  vegetation i n  gul ly  beds than 
on the  banks. 
have a tendency t o  c o l l e c t  sediment and dcbris.  
conserving the  moisture and protecting tho  plants.  
mixture should be usod. 
by placing some s o i l ,  f e r t i l i z c r  and seed in a cheap burlap bag and placini 
dam fashion, i n  t h e  bcttom of t h e  gully. 
mcrk exceptionally wel l  on t h e  Spencer project.  

The tondcncy t o  dry  out is l e s s  rapid and any obstructions 
These a i d  mater ia l ly  i n  

The reconunendod seed 
Vegetation can a l s o  be established i n  gully beds 

This method has beon found t o  

- I  
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Divcrsion Ditchcs 

Divcrsion ditchcs proscnt a somcvrhnt d i f f e r e n t  problem than do 
gul l ics  and gul ly  s t ructurcs .  
s t i l l  some t o p s o i l  on t h e  sides of t h e  divorsion di tchcs  an  c f f e r t  should 
be made t o  c s t a b l i s h  vogctation along t h c  s ides  and bottom of divcrs ion 
ditches.  
projects  and it i s  f c l t  t o  have i t s  plaoc f o r  such work i n  Vest V i r -  
ginia.  i’hcrc thore i s  s u f f i c i e n t  s o i l  t o  support it, a good blue 
grass sod i s  very effoct ivc in control l ing cresion, 
havo some s o r t  of close growing grass  t h a t  w i l l  prcvcnt crosion i n  
a diversion di tch and, a t  tho same timo, not f i l l  it up t o  t h e  point 
of obstructing t h c  f low of i n t e r .  
be used, or  a mixture of Rcdtop and Common Lcspcdcza. 
should bc applicd i f  it i s  possiblc t o  gct  it worlred i n t o  t h e  s o i l  
so as t o  be hclpful. 

Since, i n  a groat many eases, t h c r c  is 

Bermuda grass has becn used very of fce t ivo ly  on southern 

The idea i s  t o  

Thc recommended sccd nixturc can 
F c r t i l i z c r  

11. SAEET EROSION 

Brush Matting 

Brush matting scrves tvrc important purposcs. F i r s t ,  it checks 
crcsicn i t s c l f ,  because of thc  protection afforded f r o m t h c  beating 
r a i n  and bccauso t h e  florr of water i s  rctarded evcr crcded areas ,  
it conscrvcs moisturc and pre tcc ts  young p lan ts  f r o m t h e  heat  until thcy 
have become cstablishcd. Sccdings t h a t  ham becn madc on areas of t h i s  
kind have bccn found t o  be vcry successful. 
should bc uscd and, i f  the  arca i s  fcnccd, small grain can b e  uscd. Since 
brush matting i s  more or l ess  tcmpcrary and s incc i n  largc numbers of 
cascs where brush matting i s  uscd, thc  e n t i r e  t o p s o i l  and par t  of t h e  
subsoil i s  gonc, it i s  f c l t  that s c m  plant, such as kudzu should be 
used i n  the  i m c d i a t c  v i c i n i t y  sincc it w i l l  vine ovcr t h e  arca and a i d  
matcr ia l ly  i n  control l ing crosion a f t c r  the brush matting has genc. 

Second, 

Thc rccmmondcd sccd mixture 

Brush S t r i p s  

Brush s t r i p s  can be handled vcry s imilar ly  t o  t h e  br’ush matti,ng, 
except t h a t  sccding should bc madc bchrecn the  s t r i p  wi th  t h o  recornended 
sccd mixture, and lime and f c r t i l i z c r  uscd and raked in  with t h e  seed. 

111. TERXCES 

Tcrracc Outlcts 

Scmc s o r t  of vcgctation should be cstablishcd i n t c r r a c c  c u t l e t s  
that w i l l  permit the  f r e e  f l a v  of water and, a t  thc  samc timo, form a 
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complete covoring over tho  s ides  and bottom of t h e  t e r r a c e  ou t l e t s .  
t h e  soil i s  s u f f i c i e n t l y  f e r t i l e ,  blue' grass w i l l  do a vcry e f f e c t i v e  job. 
Rcdtop can a l s o  be  uscd along with cornon lespcdeza. Bet te r  s t i l l ,  
probably Bermuda grass ,  sinco it w i l l  grow on f a i r l y  u n f e r t i l c  s o i l  in 
the form of a complete covering. 
wherever pas s i b  l c  . 

If 

Natural g ra s s  mtervmys should be uscd 
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